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INTRODUCTION. 

Soon after the discovery by Professor Rontgen of the new form of 
radiation and the placing on the market of apparatus for its production, the 
Surgeon-General of the Army supplied Rontgen-ray apparatus to several 
of the larger post hospitals. On the outbreak of the war with Spain and 
the establishment of general hospitals the most prominent and important of 
these hospitals and the three hospital ships Beliefs Missouri^ and Bay State 
were supplied with similar appliances. 

In all, seventeen apparatus were available during the war, of which five 
were static and twelve were coil machines. These apparatus proved to be 
not only invaluable aids in military surgery, but the use of the two types, 
coil and static, gave an opportunity for comparison of these two methods 
for producing the Rontgen ray as adapted to the needs and environments 
of military hospitals. 

The use of the Rontgen ray has marked a distinct advance in military 
surgery. 

It ha« favored conservatism and promoted the aseptic healing of bullet 
wounds made by lodged missiles, in that it has done away with the neces- 
sity for the exploration of wounds by probes or other means, and by 
this has obviated the dangers of infection and additional ti-aumatism in this 
class of injuries. 

In gunshot fractures it has been of great scientific value by showing 
the character of the bone lesions, the fonn of fracture, and the amount of 
bone comminution produced by the small-caliber and other bullets — condi- 
tions which could not have been otherwise determined in the living body. 

In the treatment of these traumatisms it has been of great value in 

determining the course of treatment to be pursued, as its use, together 

with the course of the cases under treatment, has shown that aseptic or 

11 



12 RONTGEN ray in SPANISH. AMERICAN WAR. 

septic condition of the wound is of far greater importance tlian tlie amount 
of b<me comminution. This is illustrated by those cases of extensive bone 
comminution which, when coimected with aseptic wounds, progress to 
favorable termination with a minimum of immediate and remote ill effects ; 
wliile those cases in which the bone traumatism is slight, if complicated by 
infection of the wound, are much more difficult to treat and serious in their 
result. 

In the sections of this report which are devoted to a consideration of 
the effects produced by missiles, care has been taken to select the cases and 
radiographs which are, as far as possible, typical of the conditions treated of. 

In making these selections, many case reports and radiographs, 
which have been submitted to the Surgeon-General, and which are similar 
to those introduced in the text, have been omitted, as the reproduction of 
radiographs which only show that which is illustrated by those introduced 
would add to the bulk of the report without increasing its value. As the 
scientific value of the plates depends upon their being true representations 
of the objects as shown by the Rontgen ray, the radiographs and the nega- 
tives, from which they were printed, have not in any case been retouched 
other than to remove some slight defects wliich may have appeared in the 
prints or negatives during their preparation. In this connection the writer 
wishes to express his appreciation of the work done by Dr. W. M. Gray, of 
the Army Medical Museum, in preparing many of the negatives, and of the 
preparation of many of the prints by Private Harry Utter, Hospital Corps, 
United States Army. 

In the sections devoted to technic, the theory and physics of Rontgen 
radiation have been omitted as having no practical bearing upon the use of 
the Rontgen ray in military surgery, and these sections have been devoted 
to questions of practical technic, knowledge of which has proved of value 
in manipulating the apparatus used to produce the new kind of radiation. 



I. 

r5ntgen ray apparatus. 

Two types of apparatus — coil and static — were iu use in the Medical 
Department of the United States Anny during the Spanish-American war. 
In botli apparatus, Rontgen rays are produced by passing a rapidly inter- 
rupted electrical current of high potential through a specially (constructed 
glass bulb (Crookes tube) of liigh vacuum. In the static machine, the 
electrical current is produced directly by the machine and carried direct 
fi-om it to the tube. The electrical energy given out by the static machine 
is derived from the motor energy used in driving the machine. 

In the coil machine, the electrical current is produced in the secondary 
portions or coils of a special apparatus — Ruhmkorff coil — by induction 
tlu'ough the passage of a primary current of low potential through the 
primary portions or coils of the apparatus. 

The primary current is obtained from many forms of ele(*.tri(*al sounjes; 
either from primary batteries, ac(*umulators, dynamo machines, or from 
local electrical installations, and is led to the Ruhmkorff coil by means of 
insulated wires. 

In the Ruhmkorff coil, the primary current traverses the primary coil, 
which is placed within the secondary coil, and in so doing induces a second- 
ary current of high potential in the outer or secondary coil. This secondary 
current, after being interrupted with high frequency by mechanical means, 
is carried to the tube and there gives rise to the peculiar form of energy 
known as Rontgen radiation. 

When working properly, both the static and the coil apparatus produce 
Rontgen rays of practically equal power and working efficiency. The 
apparatus are, however, so utterly unlike in construction and require such 
different means for their manipulation that they are not, under all condi- 
tions, equally adapted to the requirements of militaiy surgery. 

13 



14 rOntcjen ray in spanish-american war. 

THE STATIC APPARATUS. 

The static machines now used for the production o{ Rontgen radiation 
are of the Wimshurst-Holtz type, whicli includes a charger and an induction 
apparatus, the latter consisting of eight or ten circular glass plates sup- 
ported on an axle, with intervening oblong plates of glass, combs, connections, 
etc., all inclosed in a case of glass and wood. The cinnilar plates are 
revolved by hand or by motor i>ower. With the latter, a motor of one-sixth 
to one-fourth horsepower is required. The static machines used by the 
Medical Department were made by Otis Clapp & Son, of Providence, R. I. 
Their apparatus weighs about 500 pounds, is well constructed and reliable, 
and, with proper manipulation, gives Rontgen rays of high power. 

COIL APPARATUS. 

Tlie coil machines used by the Medical Department were of several 
diflferent patterns. They comprised those made by the Edison Manufactur- 
ing Company, the Fessenden Company, and the General Electric Company. 

In these apparatus, the primary current is supplied from primary bat- 
teries, storage batteries, or dynamos, and all these different means were 
in use during the war. The Edison machines were the type operated by 
Edison-Lalande cells. The Fessenden machines, and that of the General 
Electric Company, were supplied with storage batteries or with current from 
dynamos. Where a dynamo current can be had it is the best kind of cur- 
rent, as it is always ready for use and can be had in sufficient and constant 
quantity. It is, however, rarely available for Rontgen ray apparatus used 
for military puq)oses, except on hospital ships, as few military hospitals are 
supplie<l with electric plants or are situated where current from them can 
l)e obtained. In consequence, primary or secondary (storage) batteries, 
ordinarily have to be used. 

STORAGE BATl'EKIES. 

These batteries when in good working order yield excellent results. 
They are objectionable on account of their bulk and weight, and especially 
from their being apt to get out of order and yield currents uncertain in 
quantity unless they are constantly used and carefully attended to. Another 
disadvantage is, that as they are an intennediar}'^ method of supplying 
electricity, they require a source from which to obtain their charge. Where 
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war ships or electric-light plants are available the problem of their supply- 
is easily solvecL But this is rarely the case. The British medical depart- 
ment in the Soudan expedition ^ overcame the difficulty of charging storage 
batteries by charging them from a dynamo run by means of a tandem 
bicycle attachment. This method is objectionable in that it requires an 
extra amount of complex apparatus and time and labor to run the machine, 
while the resulting output of electricity is no better or greater than that 
obtained direct from primary batteries. 

In the Spanish-American war a storage battery was at first used on the 
hospital ship Reliefs but its weight and bulk, and the difficulty experienced 
in keeping it in order, caused its use to be abandoned. 

PRIMARY BXTTEKIES. 

But one type of primary battery has been used by the Medical Depart- 
ment of the United States Army. 

These batteries are made up of Edison-Lalande cells in direct series. 

The medical department of the British arm>' made use in the Terah 
campaign of a battery of Grove cells, and with it obtained excellent results.^ 
The Edison-Lalande cell is much more constant and steady in action than 
tlie Grove cell, and is undoubtedly the best form of primary battery for 
Rontgen ray })urposes. The cell used is the type W of the Edison Manu- 
facturing Company. It consists of a porcelain jar 7^ by 15 inches, with 
the contained elements and solution. Ten of these cells are united in direct 
series to form the batter}^ for Rontgen ray work, and all are inclosed in a 
metal-lined zinc box. 

The elements employed in the Edison-Lalande cell are zinc, which 
fonns the negative pole, and black oxide of copper (CuO), the positive 
pole of the battery. The exciting liquid is a solution of caustic potash. 
The oxide of copper is obtained by the process of roasting copper turnings; 
the oxide is then ground into a fine powder and (compressed into solid 
blocks, from which plates of a suitable size for the different cells are cut. 
These plates are suspended from the cover of the containing vessel (a 
porcelain jar), in a grooved copi)er frame, the sides of which are rigidly 
bolted to the cover by means of thumb nuts, one of which also serves as 
the positive pole of the battery. On each side of the copper oxide element 

^Battensby, J. "The present position of tlie Roentjjen rays in military surgery," Archives of the 
Roentgen Ray, Vol. Ill, page 74. London, 1899. 

*Beevor. "The working of the Ri'mtgen ray in warfare," Journal of the Royal United Service 
Institution, Vol. XLII, page 1162. London^ 1898. 
6648 2 
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in the cells is suspended a rolled zinc plate. These zinc plates are fastened 
by a bolt to a knob on the cover. This prevents any movement in the 
relative position of the elements, and does away with the necessity of using^ 
vulcanite separators to prevent any short circuits occurring m the solution. 
The zincs are amalgamated and, as in most batteries, the zinc is attacked 
more vigorously near tlie top than at the lower part of the plate, the zincs 
for this cell are made slightly tapering, the thick part being uppermost. 

The exciting liquid employed in the battery consists of a 25 per cent 
solution of caustic potash in water, or in other words, of a solution of 1 
pound of caustic potash in 3 pounds of water. When the circuit is closed 
and the cell is put in action, the water is decomposed, the oxygen forming, 




Fig. I.— Edison-Lelande cell, type W. 

with the zinc, oxide of zinc, which, in turn, combines with the potash to 
form an exceedingly soluble double salt of zinc and potash, which dissolves 
as rapidly as it is formed; the hydrogen, liberated by the decomposition of 
the water, reduces the copper oxide to metallic copper. A layer of heavy 
paraffin oil three-eigliths of an inch deep is added to keep out the air and 
prevent creeping. 

The Edison-Lalande battery has an initial electromotor force of 0.95 
volt, which drops to 0.7 volt on closed circuit. At first sight it appears 
that the electro-motive force is low. The internal resistance is, however, 
correspondingly lower (in the type W cqII being only 0.02 ohm), and 
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consequently it follows that the available electro-motive force (potential 
difference) is very high. 

The efficiency of the Edison-Lalaude cell as compared with other 
primary batteries is shown in Table 1. 



Table I. Dr. A. E. Kervaelly's table sho^mng amiparative efficiency testa hetween. the 
Edison- Lai ande ceU^ type W^ and other types of Imttery on the market.^ for 
purposes of driving small electric motorn., or for moderate general delivery of 
power. 



Type of cell. 



1. Mean 
working, E. 
M. F. volts. 



2. Aver- I 3. Maxi- 

age inter- , mum de- 
nal resist- 1 livery 

I anee. : current. 



4. Capac- 
ity m 
am|)ere 
hours. 



Ediflon-Lalande, type W . , 0. 67 

Fuller bichromate ' 1. 8 

Western Union carbon, | 

bichromate type | 1.8 

Partz motor cell 1. 83 

Hossey Eclipse ' 1.4 

Leclanche il. 6 to 0. 5 

Gravity Daniel 1, Western 

Union type, local ' 1.0 



-' 







Ohms. 


Amperes, 




0.028 


33.35 


:^ 


0.40 


4.60 


68 


0.40 


4.50 


5 


0.51 


3.58 


65 


0.8 


1.75 


45 


0.5 


3.0 







0.5 



2.0 



5. Power 
valuation. 



22.22 

8.1 

8.1 
6.57 
2.45 
1.0 

2.0 



6. Eco- 
nomic 
power 
valuation. 



4.58 
8.1 

6.48 
1.458 
0.98 
1.0 

2.22 



The third column gives the current that the cells will deliver when 
placed on short circuit, and the fourth and fifth columns show the great 
capacity in ampere hours and the high-power valuation of the type W 
cell compared with other similar sources of electrical energy. 

The Edison-Lalande battery has the following advantages for Rontgen 
ray work: 

1. High and constant available electromotive force. 

2. Little loss of energy while the cell is idle, the chemical action in 
the cell being only about 1 per cent a month. 

3. Constant and heavy current delivery. 

4. No attention or inspection required until the elements are 
exhausted. 

5. Freedom from noxious fumes or chemical deposits. No freezing or 
influence by temperature changes or differences. 

i5. Comparatively cheap materials, easily obtained. 
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The Roiitgeu ray battery of ten cells, type W, has a life of 600 ampere 
hours, or about 200 working hours. The cost of renewal of the elements 
is about $22, making the hourly running cost only about II cents per 
hour. 

The Edison battery apparatus complete, as furnished tlie Medical 
Department, is as follows: 

1 Eklison-Ruhmkorff coil, 6-inch spark, with adjustable condenser and vibrator. 

1 Edison fluoro8coj)e, 6 inches by 8 inches. 

1 EMison X-ray focus tube, medium size. 

1 Exlison X-my focus tube, large size. 

I adjustable stand for tube. 

10 Edison-Lalande cells, type W, in metal-lined pohshed oak box. 

1 combination rheostat, for using battery for X-ray, cautery, motor, diagnostic, and 

centrifugal work. 
1 battery cord, connecting combination rheostat to coil. 

1 battery cord, connecting battery to combination rheostat. 

2 insulated wires for connecting tube to coil. 

For a battery apparatus, this outfit is quite compact and can be trans- 
ported without danger of breakage. 

WHERE RONTGEN RAY APPARATUS SHOULD BE PLACED FOR MILITARY SURGICAL 

USE. 

Before comparing the different types of apparatus it should be deter- 
mined where the apparatus is to be placed for use. 

In the Spanish-American war, apparatus were supplied to general 
hospitals and hospital ships only. None were used in movable hospitals or 
in the field. Some advocates of the Rontgen ray in military surgery have 
advised the use of apparatus in the field hospitals. In the Terah expedi- 
tion an apparatus was used at the extreme front — so far to the front that 
the operators were, at one time, under fire when engaged in removing a 
bullet with its aid. 

Experience with its use in the late war and the conditions of military 
surgery lead to the conclusion, that the use of the apparatus in movable 
hospitals is not advisable, and that its use should be restricted to perma- 
nent base and general hospitals and to hospital ships. This conclusion is 
reached through a combination of reasons : 

First. That lodged bullets only in extremely rare ca«es require imme- 
iiate removal. 
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Second. That the environments of, and conditions incident to movable 
field hospitals, render asepsis in operating practicably impossible; and, in 
consequence, in field hospitals noninterference with wounds should be 
practiced to the utmost extent possible. 

Third. That surgical interference with lodged bullets, except where 
adequate asepsis is available or the necessity urgent, is to be condemned, as 
the suppuration which follows is much more detrimental to the patient than 
the presence of the lodged missile. 

Fourth. That a Rontgen ray apparatus in the field is an additional 
incentive to surgeons to operate under conditions not adequately aseptic. 

The percentage of the recoveries of the wounded in the war with 
Spain was high compared with preceding wars, as will be seen by reference 
to Table II, which shows the comparative mortality of the wounded in 
recent wars. 

In the American civil war, where the larger caliber rifle was used and 
asepsis and antisepsis were unknown, the mortality was nearly double that 
of the Spanish-American war (12.96 to 6.64 per cent). 

The question naturally arises, how much of the reduction in mortality 
is due to the use of a smaller caliber rifle firing a small bullet with high 
velocity and how much is due to modern surgical methods. In an attempt 
to determine this question, attention is called to Table III, which shows the 
mortality of regional wounds in the two wars. From this table, it will be 
seen that the mortality from wounds of the head, face, neck, spine, and 
abdomen did not materially differ in the two wars. There was, however, a 
marked difference in the chest wounds (27.8 to 11.4), and a very gi'eat dif- 
ference in wounds of the extremities and flesh wounds of the back. The 
great difference in mortality from injuries of the pelvis and genital organs 
is mainly to be ascribed to the fact that these injuries recorded in the 
Spanish-American war were mostly flesh wounds, while in the civil war 
many penetrating wounds of the pelvis and severe fractures of the pelvic 
bones were tabulated. 
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Tahlk II. — iVm/zj/xt of koimmled in recent icHirs wh) amw under treatment and per- 

cent<Jiije of mortality. 



(>iiiu»aii, 18l>4-r>H— Knjflish (Matthew*) 

Fn»nfh (C-henu *) 

In Italy. 185H-4H)— Frvnch (Chwui ") 

.Vmerii'aii civil, 1861-65— Fwleral» (Otis *) 246, 712 

l^utna- Denmark, 1864 — IVuHHiann ( Loeffler *) 

Auzitria-lVuHHia, 1866~I*rn*ian8 (L4)effler •) i 

Franiv-Uennany. 1870-71 — ireniuuit* (official ') 

Russia-Turkey, 1877-7i^— Ru«!iiam« (Koeloff *) 

China-Ja^mn, 1894-a'>— Ja|)aneee : Thinl Division (Hajm*). 
Indian fnmtier, 1897-H8— Kn|flLsh;Terahexpe<lition(Gon»'*) 
SfMuiiiih-Aniencan, 1898 — Anierii^ns { official " ) 



Wounded. 


Died. 


Mortality 






lYrcffd, 


12,094 


1,W0 


15.21 


:«,868 


4,359 


10.90 


17,054 


2,962 


17.36 


246, 712 


31,978 


12.96 


2,021 


316 


15.6:^ 


13, 731 


1,455 


10.59 


99,566 


11,023 


11.07 


56,652 


6,824 


12.04 


1,105 


108 


9.77 


948 


99 


10.44 


1,594 


106 


6.64 









* Matthew. Mtnlical and Sunni'al Histor>- i»f the British Amiy in the Oimea, Vol. II, p. 259. 
U^ndon, 1858. 

* i'henu. Rap(H)rt au Coni»eil de Santt^ des* Arm^ee sur lee r^eultats du Service Medico- 
OhirtinHi^l aux An)lHilaniV!> des OnnuV. 18.VI, 1855, 1856. Paris, 1865. 

The numU^r of deaths anioni; the wounikHl and the mortality of the wounded as here ^ven are 
mui^h lower than jriv\»n by in«ie<t writers for the French forces in this war, the mortality of the 
woundeii usually Itetni; stattnl at aUnit 25 \\er cent. 

As most writers in )n>ing the hi>;h mortality of aliout 25 per cent quote Chenu as authority, it is 
pnUwhle that an original em>r of i^m^Hitation was nuule by some writer quoting Chenu and that this 
has l^een (H^r^HHuate^l. Chenu himself states that while his figures can not be considered as absolutely 
ac^tirate that ther*» is pn^bably but slight em>r. They may. then^fo^e, be considereil sufficiently 
aci'urate for general de^lui'tions* 

* Chenu. Sutistique MtVlii\M."hiruTgicale de la i^impagne d*Italie en 1859 et 1860, Tome II, 

* i>tis. Metiii^ ami Surviinil History of the War of the Rebellion, Vol. Ill, pp. 685-691. 
Wasluiu^im. ISiCl. The figure's on-er wihuhIs maile by weapons of war. 

* UtetHer ^F^. ii\»neral-Berioht uber den GeMmtlheibf^lienst im Fekixuge gegen Danemark, 
IJ^. t>ster Theil. i^^es 3»>-46. Berlin. 1867. 

* Ixvffier \ F> . l>is IVeusttis^'^he Militar-Metieiinalwesen uml :^ne Reform nai^h 1866, II, Table 
I. Beriin. 18t^ 

' Santtats^Bericht ulvr ilie IVubi^^hen Heef^ im Kriege gegen Frankrvich. 1870-71. Berlin. 
ISSS. 11- Bund. II. p. ^. 

^ Ki«ilotf. i\Hii(>i«<^Ren«lu du Service tie Sante Militairv (lemlant la Guenv de Turquie ile 
IS7T-ISTS d^aprvs U"«i d^uinees i»ffitnelles. Si.-IVtenBbi.mfg. 1S87. 

Th«>^ ligurvsi differ wi«lely fT\«ni th«.^v *4. Pirvigow. whii^h are often qu^>tetl ami a*hich give the 
mv^rtality of tht» w.mn^le^l at itvit* j>er ivnt. l*ir\yv»w"s figures are entirvly em»Dei»us. being lia^^nl on 
estitiufttevi v«ly dmi»l iK*t on official re^x^nbi. 

* Ilaga. Krieg¥\*hirurgiA-h«' Frtahnmgen aa* *leni JapaiitA*h-l'hinefeiiA*hen Krieg. 185H-?^. 
Ar\'hiv fur klini^*he Chirursiv. v.-L .>\ ji|v 3?W4-3^7- Berlin, l!*»7. 

** iri^iv. Army Me^lk^I iV^iartment Britis^h Re|i«.*rt. 1^7. Appendix Nik VI, p. 451. 

The liguTw arv the w,Hin*lni ^»« the Terah rX(«^iiti*«Qary iorw »»nly. 

■ Rei^vrt %vt the Adjutant-iWtfc-ral ..•£ the Army t.. ih«- Sftrretary k4 War. 1***. Tallies fai^ng 
l^v lOan^i Ivv \V*$hin^xi. l;W. 
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Table III. — JVff/fihrr^ ngUmal distn'hifum^ a fid mortality of gunshot wounds in cases 
which canw undfr treatment in tlu^ American civil war and the Spanish- Avieri can 



war. 





St'ut and character of 
injury. 


Total niimbor of 
c'ai*t'8. 


IVr cent of fn'- 
qui'ney. 


Rl'COVlT- 

iOiS. 


Doatbs. 


Undeter- 
mined 
results. 


Per cent 

of 
mortality. 




Head. 








Civil war. . . 


Vlosh wounds 


7, 739 


3.14 












Fractures 


4,350=12,089 
40 


1.76= 4.9 


6,573 


2,676 


2,840 


28.9 


8. -A. war... 


Fleth wounds 


2.86 










Fraotnres 


31= 71 


2.21= 5.07 


51 


18 


2 


26.1 


• 


Face. 














Civil war 


Flesh wounds 


4, 914 


1.99 










8. -A. war... 


Fractures 


4,502= 9,416 
43 


1.83= 3.82 
8.07 


7, 406 


462 


1,548 


5.9 


Fleth wounds 




Fractures 

yeck: 
Flesh wounds 


16= 59 


1.14= 4.21 


54 


4 


1 


6.89 


Civil war. . . 


4,895= 4,895 


1.99= \.W 


3, 496 


618 


781 


15.0 


8.-A. war... 


Flesh wounds 

Spine. 


35= 35 


2. 50= 2. 50 


26 


7 


2 


21.2 


Civil war. . . 


Injuries of spine.. 


642= 642 


0. 26= 0. 26 


279 


349 


14 


55.57 


8. -A. war... 


Injuries of spine . . 

Chc^t. 


8= 8 


0.57=0.57 


3 


5 





62.5 


Civil war. . . 


Nonpenetrating . . 
Penetrating 


11,995 
8,269=20,264 


4.87 
3.36= 8.23 


13, 921 


5, 373 


970 


27.85 


8. -A. war... 


Nonpenetrating . . . 
Penetrating 

Abdomen. 


61 

53= 114 


4.86 
3.79= 8.15 


99 


18 


2 


11.6 


Civil war... 


Nonpenetrating . . 
Penetrating 


4,748 
3,690= 8,438 


1.93 
1.50= 3.43 


3, 455 


3,293 


1,690 


48.80 


8. -A. war... 


Nonpenetrating . . . 

Penetrating 

Perinruni nnd gen- 
ital. 


20 

44= 64 


1.48 
8.14= 4.57 


35 


29 





45.8 


Civil war. . . 


Injuries of pelvis. 


1,494 


0.60 












Flesh wounds of 


1,665= 3,159 


0.67= 1.27 


2,194 


930 


35 


29.77 




genito- urinary 














8. -A. war... 


organs. 
Perineum and gen- 
ital. 

Baek. 


7= 7 


0.50= 0.50 


7 








00.0 


Civil war. . . 


Flesh wounds of 
l>ack. 


12,681 = 12,(581 


5. 15= 5. 15 


10, 883 


800 


998 


6.85 


8.-A. war... 


Flesh wounds of 

back and hips. 
Cpjter eji remit ien. 


108= 108 


7.72= 7.72 


106 


2 


« 


1.9 


Civil war. . . 


Flesh wounds 


54, 801 


22.29 












Fractures 


32,992=87,793 


13. 39=35. 68 


80,090 


5,608 


2,095 


6.54 


8.-A. war... 


Flesh wounds 


289 


20.66 












Fractures 


140= 429 


10. 00=30. 66 


426 


1 


2 


0.20 




lAHver euiremitien. 


. 












Civil war. . . 


Flesh wounds 


59, 139 


24.06 












Fractures 


27,274=86,413 


1I.(M)=;{5. 15 


73, 6(K) 


11,813 


9:« 


13.8 


8. -A. war... 


Flesh wounds 


354 


25.30 












Fractures 


150= 504 


10. 72-86. 02 


490 


8 


6 


1.6 



I 



'The erasers from the civil war are (compiled from the Surgical History of the War of the Heliellion. 
The cases from the Spanish- A meric .an war are those which occurred in the Regular troops, and which 
are reported in the RejKjrt of the Surgeoii-(iencral of the Army for 1899, complete records of the 
Volunteer troops not yet l>eing available. 
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The great reduction in mortality in wounds of the extremities is 
especially noticeable (Table IV). 

Table IV. — Nmmhei' of ca^es and mortal Hy from gun^Iiot of the extiumdtic^ in the 
civil war and United States Begulars in Spanish- American war. 



Civil war, upper extremities 

Spanish-American war, upper extremities 

Civil war, lower extremities 

SpaniBh-American war, lower extremities 




Mortality. 

6.5 

0.2 

13.6 

1.6 



Thus in the civil war, while the mortality of all wounds of the extremi- 
ties, upper and lower, was 6.5 and 13.6 per cent, similar wounds, in the 
Spanish- American war, had a total mortality of but 1.0 per cent. The number 
of deaths in the latter war from wounds of these regions were surprisingly 
small, being but 10 in 991 cases, and of these 10 cases, 3 died very shortly 
after the receipt of their injuries, probably from hemorrhage.^ The differ- 
ence in treatment adopted in these wars is not less great than the mortality 
(Table V). 

Table V. — Wounds of the extremities treated hy excisian and amputati<m^ and hy 
conserratism,, and the relative mortality of each treatinent for two wars {in 
Spanish- Ainerioan war^ United States Regulars), 



War. 



Wounds of extrem- 
ities. 



I I 

I Amputation.s and 
excisions. 



Total. I Deaths. ' Total. 

I I 



Civil I 17^,206 17,421 

Spanish-American 991 ; 10 



12, 193 
82 



Deaths. 



2,636 
6 



Percentage 
of opera- 
tions to 
wounds. 



6.99 
8.20 



Operative 
mortality. 



21.6 
18.7 



Conserva- 
tive mor- 
tality. I 



9.1 
0.4 



This table shows at once (a) the small number of operations done or 
required to be done in wounds of the extremities since the adoption of the 
new rifle and modern surgical methods, the proportion having been reduced 
over one-half (6.99 to 3.20); (fc) the great decrease in mortality in these 
cases, the morality being reduced over twenty-two times in cases treated 
conservatively (9.1 to 0.4) and somewhat decreased in those treated by 
amputation or excision. 



* Report of the Surgeon-General of the Army, 1899, p. 314. Washington, 1899. 
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The high mortality in operation cases in the Spanish-American war 
arose from the fact that only the extremely serious cas^s were operated on. 
In the cases reported among the Regulars, the deaths that occurred were all 
from high amputations (Table VI). 

Table VI. — Remctmm^ ampuiaflonj^, and deaths from theae operaUons vn the Spanish- 

American war (Reg^d^r troops). 





Resot'tloiiK. 


Amputa- 
tloiui. 


DeathK.> | 


Ann 


1 

1 


4 
2 
13 
2 
5 
1 
1 
1 


1 


2 
2 
1 




Forearm 


Tn hanH 


Hip joint I 


Thigh 


1 


Knee 


Lee 




Ankle 





Total 




3 


29 


6 





* N<^ deaths from resection. 

These tables demonstrate that the lower mortality in gunshot of the 
extremities in the Spanish- American war was accompanied with increased 
conservative treatment That the conservative treatment which was prac- 
ticed was made possible entirely through a diflPerence in effect produced 
by the small caliber bullet from that produced by the old lead bullet 
can not be entertained. The Rontgen ray examinations have shown that 
in compound fractures the amount of bone comminution is generally as 
great with the new as with the older bullet, and the writer's observations 
upon shrapnel bullet wounds have led him to believe that slow-moving 
lead bullets very frequently produce wounds practically as aseptic as those 
made by the new bullet.^ It follows, that conservatism has been made 
possible mainly through (a) the fact of the recognition of the general aseptic 
nature of bullet wounds; (6) the maintenance of their asepticity by the use 
of occlusive dressings; and (c) the treatment of septic wounds by antiseptic 
methods. 

The Rontgen ray has played an important part in allowing the surgeon 
to preserve the asepticity of bullet wounds by doing away in many cases 

'Borden. Gunshot wounds: A report of gunshot cases in the Spanish- American war. New York 
Medical Journal, Vol. LXXI, New York, 1900. 
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with the necessity for immediate wound exploration, especially for lodged 
bullets. 

The many cases of lodged bullets in which the bullets were left imdis- 
turbed until the patients reached a general hospital or hospital ship, where 
the missiles were located by the Rontgen ray and removed under aseptic 
technic with complete safety to the patient and rapid recovery, prove the 
nonnecessity for the use of Rontgen ray apparatus in field or other advanced 
hospitals. Even where the bullet can be readily located without the use of 
the Rontgen ray, the experience of the late war and the opinion of numerous 
authorities lead to the conclusion that the zeal of the surgeon should not 
cause him to remove the missile at the field hospital except in special cases. 
Infection is almost sure to occur from the almost absolute impossibility of 
obtaining asepsis under conditions which are present at the front, and the 
recovery of the patient is delayed and the functions of the wounded part 
likely to be impaired in consequence of the suppuration which will follow. 
Von Bergmann, who obtained such brilliant results in the Turko-Russian 
war by the use of occlusive dressing, and who has since advocated the use 
of such dressings and noninterference in gunshot wounds,^ has expressed 
the opinion that the Rontgen ray will prove a menace in military surgery 
in that its use will prove an incentive to unnecessary operative interference. 

In a recent clinical lecture he said : 

After many years' practice in peace and in war I maintain that foreign bodies, 
the presence of which in the body is not a source of any trouble or danger, ought to 
be left where they are. 

The consciousness of having some extra lead, for instance, in one's body, 
especially when it causes one no inconvenience whatever, does not in the least 
counterbalance the danger of an operation necessary for its removal. 

This is especially the case in war, when it is often impossible to operate with 
all aseptic precautions. If special merit was ascribed to me in the Russo-Turkish 
war I ascribe it partly to the fac^t that when my colleagues came up with bullet 
probes of every kind I dissuaded them from their purpose. Even then I had a 
tough battle to fight — a battle which is not quite ended even yet, and will now, after 
ROntgen's discovery, begin afresh. 

Professor Kuttner,^ of Lubingen, who followed the Greek war in 
connection with the German Red Cross Society, has stated, as a result of 
his experience with a Rontgen-ray ap])aratus in that war, that the Rontgen 

* V. Bergmann. Die Renultate der (lelenkreaectionen iin Krit^ge. Giessen, 1874. 

V. Ben^mann. Die Behandhing der SchusHwunden deH Kniege-lenkt* ini Kriege. Stuttgart, 1877. 

* Kuttner (H.). Ueber die Be<ieutung der Rontgen Htrahlen fiir die Kriegscliirurgie naeh 
Erfahrungen im (iriwhi8oh-Turki.*H!hen Krit»g, 1897. 

Beitnige zur Klini»ehen Chirurgie XX, p. 167. Tul>ingen, 1898. 
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rays are of great importance for medical aid iu war, but only for fixed 
hospitals and those installed in fortresses, while for moving field hospitals 
their application is very limited. 

Abbott,^ in an article in the London Lancet of January 14, 1899, on 
Surgery in the Grseco-Turkish war, states that a coil, battery apparatus was 
used in the base hospital at Phalerum. As a result of his experience in 
this war, he says : 

The use of the R5ntgen ray becomes an inipossibilit}' at the actual front. For- 
tunately it is not necessary there, and could very possibly do harm by stimulating 
the young surgeon to premature operations under bad surroundings. We believe 
that the X-my in future wars will be of the greatest use, but not at the actual front. 

In closing his article Abbott formulates the following: 

The apparatus is of no use on the field where the detection of bullets can only 
be an incentive to premature exploration. 

The less wounds are tampered with before satisfactory surroundings are reached 
the better. 

The modern bullet * * * is practically aseptic, and there is no urgency for 
its removj^l. 

Surgeon Major-General Jameson, of the medical department of the 
British army, in discussing the use of the Rontgen ray in warfare and as 
used by the British medical department, says: 

Reference has been made to the necessity of supplying these various apparatuses 
to the hospitals at the front, but the diflSculty of transport must really be considered. 
It seems to me that from our present knowledge the advantages are not so very great 
after all in that part. The place, 1 think, for them is in the line of communication 
or at the base hospital, because after all nothing except very urgent operations are 
advised to be performed in advanced places. What the photography really deter- 
mines is more the position of the bullet or the kind of fracture, but the urgency of 
operation is determined by other conditions.* 

Our experience in the war with Spain was fully in accord with the 
above opinions, as the use of the Rontgen-ray apparatus at general 
hospitals and on board liospital ships met all practical requirements. 

As to the use of the Rontgen ray in gunshot fractm-es, the same rules 
hold as for lodged missiles; i. e., occlusive dressings and noninterference at 
the field hospitals except where operation is imperatively demanded, and in 
this connection it may be stated that cases of gunshot fractures are extremely 

> Abbott, (F. C). Surgery in the Giwco-Turkish War. lancet, Vol. I, pp. 30 and 152. 
London, 1899. 

* Journal of the Royal United Service Institution, Vol. XLII. Ixindon, 1898. Jameson dit*- 
cuflging Beevor*M paper **The working of the Rontgen ray in warfare." 
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infrequent which can be benefited in any way by the use of Rontgen 
apparatUB at tlie front 

Also, in considering where Rontgen apparatus are to be placed for use in 
military surgery in time of war, the fact must be taken into account that these 
apparatus are all more or less bulky, heavy, somewhat difficult to transport, 
and that their use requires considerable experience, and at field hospitals 
necessitates expenditure of. time when surgeons are most busy with work 
incident to active operations. These disadvantages should not be considered 
were the benefits to be derived from the employment of these apparatus in 
field hospitals at all in proportion to the difficulties incident to their trans- 
portation and use. But, when the benefits to be derived from using them at 
advanced hospitals is confined to extremely few, if any cases, and is useless 
in all others, the time, work, and transportation expended on these appa- 
ratus under such circumstances can be better employed in other ways. 

In view of these facts, it appears that the place for Rontgen-ray appa- 
ratus is at base and general hospitals and on hospital ships, and that 
apparatus so located will meet all requirements compatible with the condi- 
tions incident to the practice of military surgery. With apparatus so 
located, Rontgen-ray examinations can be followed when necessary by 
proper aseptic or antiseptic operative methods. This plan of locating and 
using Rontgen-ray apparatus was adopted in the Spanish-American war 
with the best possible results. 

RONTGEN-RAY APPARATUS COMPARED. 

Premising that these apparatus are to be used at base and general 
hospitals, it will not be necessary to sacrifice efficiency to too great com- 
pactness or convenience for transportation. 

At the same time, the apparatus should not only be efficient and not 
too complex or difficult to operate, but it should not be eflfected by climatic 
or atmospheric conditions, and should be fairly portable. 

The choice of machines necessarily lies between two types — the static 
and the coil. When properly managed the two machines are practically 
equally effective. Their adaptability for us<^ in military surgery rests, 
therefore, entirely with which best meets the requirements above given. 
These requirements are undoubtedly usually best met by some form of 
coil machine. 

The static machine is bulky and heavy, glass enters largely into its 
construction, and consequently it can not ordinarily be as easily or safely 
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transported to, or set up at hospitals established for military pur|joses as 
can the coil apparatus. It is subject to a certain extent to atmospheric 
influences, and while these c^n be largely overcome by proper precautions, 
they add to the difficulty of obtaining good work. The apparatus can be 
run by hand power; but, when so run, its output is not equal to that of the 
same machine when run by motor power at an even rate of s])eed. To 
run the static machine by hand for any length of time is exceedingly tire- 
some, even with a relay of men, while motors add to the expense and 
trouble of transportation and installation of the apparatus. 

The advantages of the static apparatus are that, when })roperly managed, 
it gives a constant output which is at any time available and that it is 
economical in tubes, as tubes do not wear out so rapidly with it as with the 
coil machine. In permanent military hospitals in dry climates, and espe- 
cially where motor power is available and a dynamo cun-ent is not to be had, 
the static apparatus will give a constantly available and steady source of 
Rontgen radiation. 

Relative to the coil machines, taking the Edison 6-inch coil machine 
run with 10 Edison-Lalande (*ells as a type, this form of a])paratus has the 
advantages over the static machine of less weight greater portability, less 
complexity, and nonliability to climatic or atmospheric influem^es. The bat- 
tery is easily set up, easily run, lasts for a long time, and the cost of main- 
taining it in use is not great Coil apparatus can be transported with 
com})arative ease and with a minimum danger of breakage. These are all 
decided advantages in times of active operations where apparatus have t^) be 
shipped to recently established hospitals and used more or less constantly 
under disadvantageous conditicms. A battery apparatus can be quickly set 
up, and by ha\'ing a supply of extra charges on hand for the battery, the 
apparatus can always be kept in working order. For these reasons, in time 
of war, where hospitals are being established and equipped, the coil apparatus 
with primary batteries is best for general hospitals and base hospitals where 
dynamo curreijts (»an not be obtained. 

The battery apparatus has the disadvant^ige of requiring a ceiiiain 
amount of care to keej) the battery up to its maximum working efficiency 
and of not giving currents of absolutely equal strength. With the Edison- 
Lalande cells these disadvantages are reduced to a minimum, and in time 
of active operations, when the machines are being used frequently, 
give rise to no decided trouble. In established hospitals, in time of 
peace, where an apparatus is used infrequently, and where it can be placed 
in a good room and well attended to, a static machine is probably to be 
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pn*teiTfHl U\ niH' n|M^rHtc*il by a liatterv, |iartii^ularly where iin^tor (Miwer is 
H%ailabltf. 

\Vlii.T«* dynamo curreiitH vm^ bo IiH4l, the ruil Tiiarhities of the ** break- 
whi*el " t^"^)!* will jiiv** tlie ^n'eatef*t efficieiu'y. Nn maeliine of thk type 
wan in UHe during the war with Spaiti, an none of the jreneral hospitaU were 
supplied with dynanm current*** Siiie^j the war, an apparatUH of tins type 
lifi** bt^en placed in tin* tiospit^d ronneeted with th*^ Sohlier^ Home in 
thii« city ( Washington, 1>. (J.}. *V\w writer has* carefully examined this 




aiiparatiirt and btdieveh rliat in hnH|iitals where a tlynaino cnirrcnt can be 
had, thiK apparatus nhoidd ia^ supplied ta tlic exidui^itMi *»(' any other. 

The dtHtiiutive feature of the *^ break- wheer* aiiiianitUH i*^ that there 
i^ no vibrator lai tlie indtrction coil, its place being taken by an 
in«tantaneoiii* air break-wheel device Thii* <levic!e con.siHt** of two, toothed 
wheels* mounted on the Kanio sliaft, tlie projertinni^ or teetli making contact 
with two Hat bruslie?* which bear uu the i niter pt^ripheriew and by wliii li tlie 
current i» brought in and le<l out again. Tlie«e wheels are rotated at very 
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higli speed by a small direct-current motor, which also nms a pressure 
blower. The air blast from this blower enters a bifurcated tube and is 
connected with two flat nozzles immediately over the contact brushes. 
When the device is set in operation by starting the motor and connecting 
the primary of the coil in series with the binding post, the spark, formed at 
the contact brushes when the coil is energized, is instantaneously blown out 
by the air blast at the moment of formation. This gi'eatly increases the 
rapidity of change in the magnetic circuit, and consequently vastly 
augments the electric-motor force in the secondary coil. In consequence, 
Rontgen radiation of higher penetration and efficiency is produced in the 
tube. The apparatus can be worked only by 110 to 120 volt direct 
current. 

The whole apparatus, with the exception of the coil, is in an oak 
cabinet. It is extremely compact, strongly made, and not liable to get 
out of order or be aflPected by atmospheric conditions. It surpasses all 
apparatus with which the writer is familiar, both as to ease of operation 
and quantity and penetration of its Rontgen-ray output. As it requires 
a direct current of 110 to 120 volts to operate it, it is, of course, only 
applicable in military surgery in those hospitals and hospital ships which 
are supplied with this form of electrical current. 

The general conclusions reached relative to the kind of Rontgen-ray 
apparatus best adapted to military surgical use, and the place in which the 
apparatus should be used, are: 

First The place for the apparatus is at general hospitals, permanent 
hospitals on the line of comnmnication, and on hospital ships. 

Second. That in equipping base and general hospitals for war service, 
coil apparatus actuated by primary batteries should be supplied. 

Third. That in permanently established hospitals, where there is no 
dynamo current available, the static machine will probably give best 
satisfaction, especially if motor power can be had. 

Fourth. That in permanent base hospitals, or on hospital ships supplied 
with direct currents of 110 to 120 volts, the ''break- wheel" apparatus 
will give the highest obtainable efficiency. 



n. 

LODGED MISSILES. 

The penetrating and perforating power of a missile depends upon the 
relation which its velocity, its weight, its sectional density and its form 
bear to the constitution of the obstacle against which it impinges. With 
the modem jacketed bullet these proportions are such, relative to animal 
tissues, that the bullet usually perforates the part against which it impinges 
unless it« velocity is greatly reduced Reduction in velocity may arise 
from long range or from the missile having impinged against some other 
object l>efore striking the body. In the first case, loss of penetrating and 
perforating power is due entirely to decreased velocity of the ball. In 
the second case, it may be due to decreased velocity from previous impact 
or its power may be further lowered by deformation in shape, so decreasiufr 
its penetrating or perforating power by altering its form and decreasing 
its sectional density. 

Even with velocity so lowered that perforating power is lost, the 
jacketed bullet, when undeformed, almost invariably travels in a right line 
after entering the body. This peculiarity of the bullet is probably due in 
part to its form, but mainly to it« great sectional density. In this it diflPers 
markedly from the old lead bullet of large caliber, with which deflections, 
after entering the body, were extremely common. 

The small-caliber bullet is sometimes found lying at an angle to 
its course of entrance. I'his slight displacement may be produced by 
contact of the bullet with some of the more resistant tissues of the body, 
but in the soft tissues it is probable that slight displacement of the bullet 
from the line of its course is often due to muscular action or pressure by 
neighboring tissues after the bullet has come to rest. Thus in Case 14 of 
this section, where the bullet was embedded in the brain and consequently 
was not acted upon by such forces, the bullet lies exactly in the line of its 
course; while in Case 6 of this section, and Case 6, Section V, the bullets 
have been displaced, probably by pressure from neighboring tissues, notabl}* 
in the last case by pressure from the overlying flexor tendons of the foreann. 
In perforating wounds made by the modem bullet, the positions of the 
entrance and exit wounds and the symptoms, together with experiments 
upon dead bodies, show that the bullet almost invariably takes a direct 
course through the part hit, irrespective of the tissues, be they soft parts or 
bone which may lie in its course. 
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PLATE II. 

lAHljrtHl Mauser bullets (natural size), rtMUovtHl fwin Spanish-Ainerican 
war oasi\s after havinjr Ihh^ii located by the Rontgen ray. All the bullets, 
except No, 1, slu>\v defi>nuity due ti^riciH'het impact. 
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In bullets wliich penetrate only, the iin})<)rtant fact that they also, 
almost invariably, pursue a direct course until they come to rest is clearly 
demonstrated by the position in which they have been locat(id by the 
Rontgen ray. Thus hi Case 11, Section IV, though the bullet entered butt 
end foremost, it passed in a direct line through the ulna to its place of 
lodgment beneath the flexor tendons in front of the inner condyle of tlie 
humerus. This direct course of the bullet when reversed has been noted 
hi other cases, and it would seem, therefore, that the direct (*ourse of the 
modern bullet through the tissues must be mainly due to its gi'eat sectional 
density rather than the sha{)e of its end. It is this property which gives 
it relatively great inertia even with lowered velocity and causes it to pass 
without deflection through the opposing force of the tissues until it comes 
to rest. 

In experimental trials with the jacketed projectile, its tendency to 
produce perforating rather than penetrating wounds was found to be very 
great. Arguing from this, it was thought that the number of lodged bullets 
in warfare where this missile was used would be few. liut in these experi- 
ments the bullet impinged against the part without previous ricochet, while 
in warfare, especially where the firing is at long range or where the troojis 
are intrenched or are sheltered in any way, wounds from ricochet missiles 
are exceedingly common and largely hicrease the number of lodged 
bullets. Kontgen-ray examination of cases of lodged Mauser bullets, and 
the deformed condition of many of these l)ullets when removed by opera- 
tion, indicate that lodgment was due in many instances to the velocity of 
the missiles having been reduced by ricochet. 

As stnted above, the high velocity of the compound bullet, its small size, 
and great sectional density cause it to perforate animal tissues rather than 
penetrate them, unless its velocity is greatly reduced. At the same time, its 
high velocity gives it great tendency to ricochet for considerable distance 
and yet retain suflicient momentum to produce penetrating wounds. The 
compound bullet is very resistant to deforming violence; yet, that it can 
sustain violent ricochet impact and still retain suflicient velocity to cause 
penetrating wounds, is shown by tlie great deformity of some lodged bullets 
(Plate II). 

In determining the cause which has so lowered the velocity of a 
small caliber projectile that it has lodged in a part, instead of jierforating 
it, evidence is either presumptive or positive. The evidence of having 
struck some resistant object before entering the body, may be considered 
positive, when the bullet is deformed, especially if the deformation is marked, 
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as was the case with many deformed bullets, in cases reported in the late 
war. It is stated by some observers tliat tlie modern bullet may be deformed 
by impact with bone. Tlie writer is inclined to believe this doubtful, as 
the bullet is relatively so much more resistant than osseous tissue it hardly 
seems possible that bone could oifer sufficient resistance to deform it. In 
any event, the deformation would be slight, and the fact should be con- 
sidered that the bullet might have sti*uck some object before entering the 
body and that the first obstacle and not bone, had deformed the missile. 

When a lodged missile is undeformed, it may or may not have struck 
some object before producing the penetrating wound If the w^ound was 
received at extremely long range, the evidence is presumptive that the 
lowered velocit}^ of the ball was due to the length of its flight. When, how- 
ever, the range is short or unknown, it is impossible to say whether lodge- 
ment was caused by decreased velocity from unknown long range, or from 
the bullet at short range having passed through some obstacle which 
lowered its velocity without altering its shape. P^)r, while the jacketed 
bullet is frequently deformed by ricochet, its resistance to deformation is so 
great that in many cases where it produces penerrating wounds, it is quite 
reasonable to suppose that it may have impinged against objects not 
sufficiently dense to deform it, or even may have ])assed through trees or 
wooden obstacles, for it is known that the jacketed bullet will ])ass tlu'ough 
many inches of hard wood without becoming deformed. In cases of 
penetrating wounds, when^ the lodged bullets are undeformed, it is fair to 
suj)j)Ose that quite a percentage of these wounds are due to lowered 
velocity from causes, such as those given above. 

In the Santiago canq)aign, the large mnnber of lodged missiles was 
connnented on by the surgcMnis. In 198 Mauser bullet wcmnds, seen by the 
writer, there were 21 lodged bullets. This number is unusually high, but 
serves to show that, under certain conditions, quite a nmnber of lodged 
missiles may be expected. At Santiago, many wounds were received at 
long range and in a wooded teiTaine. It is quite i)ossil)le that, in some 
cases, the velocity of the bullets was reduced by passage through the 
branches of trees, in which event, from the resistance of the bullet to 
deforming violence, its velocity might be lowered and the bullet not be 
deformed. 

Where the Inillet is lodgi^d butt end foremost in tlu* tissues, it is to be 
concluded that the ball has ricocheted and turned end for end before strik- 
ing the i)art. The fact that (piite a number of bullets were found lodged 
})utt end foremost, and that so man}' lodged missiles showed defonnation 
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Case 1, Section II. — Ralph Barkman, private, Company K, Second 
Massachusetts Volunteer Infantry. 

Radiograph of left leg, viewed from the inner side, showing deformed, 
Mauser bullet lodged behind the tibia. 
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produced by ricochet, demonstrates the property tliis bullet has of retaining 
sufficient momentum to produce penetrating wounds after ricochet impact. 
While, therefore, under conditions of direct impact, the small size and great 
sectional density of the small-caliber jacketed bullet cause it to produce 
perforating wounds, except at extremel}'' long range, so raising the percent- 
age of perforating to penetrating wounds which it is liable to inflict, relative 
to these percentages compared with similar wounds made by the older lead 
bullet of large caliber; the ricocheting property of the modem projectile, 
which is greatly in excess of that of the old bullet, increases the propor- 
tionate number of penetrating wounds which it is liable to inflict in actual 
warfare. This ricocheting |)roperty of the compound bullet and its ability 
to produce penetrating wounds after ricochet, as well as after having its 
velocity reduced in other ways, accounts for the fact that the number of 
cases of lodged bullets was greater in the late war than was anticipated 
from experimental trials of the bullet made })revious to its use under actual 
conditions of warfare. 

DEFORMED, LODGED, MAUSER BULLETS. 

In the two following cases, the first illustrates the direct course of a 
bullet which has been blunted at the point by impact with some object 
before entering the body, but without materially lessening its sectional 
density, and both eases illustrate the noninfection of wounds by deformed 
bullets. 

Cai<e 1, — nefirnned^ Mmmr hnUot Irnh/ed In leg; ai^eptw wound; loe^jllzati/yii Iry 
R(fiit<fen ray; n'liifnml. 

Riilph Barkman, private, Coinpiiiiy K; Second Massachusetts Vohuiteer Infantrj% 
woundedJuly 1, 1898, by two bullets, one of which passed through the left aim, shat- 
tering the humerus; the other entered the left leg, at the outer surface, upper third, 
and lodged. The patient was tninsferred from the field hospital to the Relii'f^ where 
ROntgen examination located the bullet behind the tibia, 3 inches above the ankle 
joint (Plate III). The bullet was removed and it (No. 4, Plate II) and the radiograph 
show that the missile had been blunted at the point, from impact with some other 
object, before entering the leg. The wound of entrance was small and not infe<;ted. 
There was marked discoloration of the skin from the entrance wound downward, 
by which the course of the bullet could easily be trailed. — Caxe rejxtrt coinpHedfmiih 
rec^rrdn in Surijvon- GenenipH Office. 

Cme 2, — Drformed^ Mau^ser IndlH lodged in thigh; (m'ptir imu7ul; Joealizatifyti 
hy Rbntgen rag; reinovah 

Augustus Snoten, private, Company C, Twenty-fourth United States Infantry, 
wounded July 1, 1898, by a Mauser bullet, which entered at the anterior and outer 
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surface, middle third, right thigh. The patient was transferred to the Reliefs where 
a much-deformed bullet was located by ROntgen ray, partially behind the femur, 
some distance lower down the limb. It was removed, when it was found to be greatly 
deformed from lateral impact, the casing being split and the body of the bullet 
concaved and flattened (Plate II, No. 5.). 

The wound of entrance was small and uninfected and, despite the deformed 
missile by which it had been made, presented nothing in appearance different from an 
entrance wound made by an undeformed bullet. — Cade repm*t conipiUd from recfn^h 
in Hurgecm-GeneratH Office. 

It would be supposed that bullets which had struck other objects and had 
been deformed before entering the body, would, from their jagged and 
irregular form and lowered velocity, be more likely to carry infection into 
a wound than undeformed bullets which struck the body without having 
ricocheted. There are, however, but two cases reported of infection by 
deformed Mauser bullets, though probably many others occurred. The fact 
that so few cases of infection were reported, as arising in this way, tends to 
show that infection so caused, is not as common as would be supposed. In 
one of the infected cases reported, the large size of the wound and its 
location in the sole of the foot would make it particularly liable to infection. 
In the other case, the bullet was greatly deformed and had lodged very 
superficially. 

Case 3, — Defimned^ Maxmer hdlet U>dged superficially m hiee; wound slightiy 
infected; localization hy Rontgen ray; reinmxd. 

Samuel Davis, private, Company L, First United States Volunteer Infantry, 
wounded July 1 by a ricochet ball, which entered and lodged superficially, behind 
the internal condyle of the left femur. The patient was transferred to the Relief 
and the bullet (No. 7, Plate II), the whole point of which had been carried away by 
ricochet, was located (Plate IV) by the ROntgen ray and removed. The wound of 
entrance was infected, but healed readily under antiseptic dressings. — Case repi/rt 
compiled from, records in Surgeon- GeneraTs Offixie, 

Case 4^ — Deformed^ Mauser hvUet lodged in fyot; septic iixmnd; loccdizatimi hy 
Rontgen ray; removal. 

John N. Taylor, private. Company B, Twelfth United States Infantry, was 
wounded July 1 by a Mauser bullet, which passed through the sole of his shoe and 
entered the bottom of the left foot, directly below the arch. The wound was quite 
large and irregular in shape and, on that account, was thought to have been made by 
a fragment of shell, until the ROntgen ray disclosed a Mauser bullet, with an 
indentation near the point, lying directly beneath the cuboid })one, in a line with the 
second metatarsal bone (Plate XIII). The wound was infected and suppuration set 
in. The patient was transferred to the Relief and then to Washington Barracks, 
D. C, where the bullet was removed December 26, 1898, and the patient returned to 
duty shortly afterward. 
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Case 3, Section II. — Samuel Davis, private, Company L, First 
U. S. Volunteer Cavalry. 

Radiograph of left knee, viewed from the. inner side, showing a Mauser 
bullet, deformed by ricochet, lodged behind the internal condyle. As the 
radiograph wiis taken through the dressings, a pin and the mottling due to 
the iodoform gauze are also shown. 
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LODGED, UNDEFORMED, MAUSER BULLETS. 

From its resistance to external violence, the compound bullet is 
probably frequently ricoclieted without becomhi}^ deformed. In many 
cases, the bullet, fn^m its irregularity of fiiglit, may produce extremely 
jagged wounds, as in the case next given, or may enter the body butt end 
first, and the radiograpli or extraction, alone, show that ricochet had 
occurred. 

Ca^e J. — Mamer huUtt lodgid in cheM; fraduiu' of r/f/r/e/e; hwrrateiU f^^pth 
wmind; loadlzatiwi hy Roniijen ray; bullet not reiaovcd. 

John R. Keen, private. Troop L, First United Stiites Volunteer Cavalry, was 
wounded June 24, by a Mauser bullet, which entered over the clavicle at the junction 
of its outer and middle thirds. No wound of 
exit. The entrance wound was ahout 3 inches 
long and so lacerated, that it was thought that 
the injury had been done by a fragment of a 
shell. The patient was transferred to the gen- 
eral hospital. Key West, Fla., where fluoro- 
scopic examination showed a Mauser bullet 
just biu»k of the left Ix^rder of the sternum at 
the second intercostal space, lying at an angle 
to the line of entrance (tig. 3). 

The large size and larcenition of the ex- 
ternal wound indicated that the ball had rico- 
cheted and had struck the Inxiy while oscillat- 
ing or while turning on its long axis. As the 
clavicle was l)adly shatt(*red and the wound 
nuich inflamed and suppurating, the wound 
was thoroughly cleansed under anjcsthesia and 
all loose fragments of bone removc^d. The 
wound lu^aled very slowly and a small sinus 
still existed when the patient was transferred 
to New York, August :i3. There he was ad- 
mitted to the Roosevelt Hospital, where Dr. 
Rolwrt Ablm took a radiograph, which located 

the bullet. The patient was aniesthetized, the wound thoroughly cleansed, and the 
bullet searched for with a teh^phonic probe, passed through the front wall of the 
thorax, 3 or 4 inches deep, twenty or thirty times in the Uxiition of the bullet, as 
shown by the radiograph, but no result wa,s obtained. In reporting the case, Dr. 
Al)lm gives his opinion, Jisa result of his trial of the t4»lephonic probe, that it is unre- 
liable, and am not l)e compired with the ROntgen ray for lo<»ating lodged missiles. 

The following cases illustrate displacement of the bullet from the line 
of its coui-se, either from pressure of neighboring tissues, or from muscular 
action, or from imj)ingement of the missile against some resistant tissue 
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Fid. 3. — Course and l(K'ation of bullet in 
(ra*»e of Private John U. Keen, Troop Ij, 
Firnt Unite<l States Volunteer Cavalry. 
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just as the bullet comes to rest. Other similar cases are shown in Plates 
V, and XXXVIl, and case 6, Section V. 

Case 6. — Multiple wounds^ all aseptic; Mauser hdlet lodged in thigh; locali- 
zation hy Rontgen ray; removal, 

William A. Cooper, Company A, Tenth United States Cavalry, struck by a 
Mauser bullet (No. 1, Plate II), which entered the left ])reast, passed superficially 

through the anterior thoracic* wall, and |iassed 
out to the right and 2 inches above the um- 
bilicus, then entered the right thigh at its an- 
terior third and lodged (fig. 4). 

The wounds were all uninfected. The 
patient was transferred to the Reliefs where 
a radiograph was taken (Plate V), which 
showed the bullet several inches below the 
entrance wound, lying nearly at a right angle 
to its course of entrance. The bullet was 
removed and prompt recovery resulted. — 
Case report compiled from records in Snr- 
geofi' Generals Office. 

The case is interesting not only 
from the displaced position of the bul- 
let, but from the noninfection of the 
second wound of entrance by the bullet 
which had passed not only through the 
clothing but twice through the skin. 

That the Mauser bullet may rico- 
chet, remain undeformed, and, having 
turned end for end, enter the body butt 
end foremost, is shown by several cases 
in which the bullet lay in a reversed po- 
sition in the part. This reversed posi- 
tion of the bullet has been present in 
quite a large number of cases seen by 
the writer, the occurrence being so com- 
mon as to lead him to believe it an ordi- 
nary result of ricochet impact, and con- 
sequently, a frequent accompaniment of 
lowered velocity and lodgment of the 
ball. In case 13 of this section, the bul- 
let lay butt end foremost in the wound, and the same position was present 
in cases 9, and 11, Section IV, and ciise 1, Section V. 




Fig. 4. — Course and position of bullet in case 
of Private William A. Cooper, Company 
A, Tenth United States Cavalry, a, First 
wound of entrance; 6, wound of exit; 
r, second wound of entrance; </, position of 

. bullet 
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Case (>, Section U. — William A. Cooper, private, Company A, Tenth 
United States Cavalry. 

Radiograph showing undeformed Mauser bullet lodged in right thigh. 
The view is from the posterior surface and the bullet lies at nearly a right 
angle to its line of entrance. 
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Lodged shrapnel bullets (natural size), located by the Rontgen ray and 
removed by operation. These bullets show slight deformation, probably 
produced at the time of explosion of the case in which they were contained, 
and not due to ricochet. From the low velocity of the shrapnel ball, it 
probably seldom ricochets with sufficient force to produce penetrating 
wounds. 
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LODGED, SHRAPNEL BULLETS. 

Tlie shraj)nel bullet, used by the Spaniards, was a round, soft lead 
bullet, iiieasuriiif»f L25 eeiitiineters in diameter, and weighing a little over 
11 grams. (Plate VL) 

As the velocity of these bullets is only that of the bursting charge of 
the shrapnel, plus some of the initial velocity of the shell, their velocity 
is comparatively low, and these missiles belong to the large caliber, low 
velocity type. Theoretically, wounds produced by these missiles should 
differ materially from those ])roduced by the small-caliber bullet. Practi- 
cally, there was not so marked a difference as would have been expected, 
for, in the reported cases, the wounds which had been given a primary dress- 
ing with the first-aid packet generally healed as readily as those made by 
the Mauser bullet. Also, reported ceases show that in many instancies, neither 
by the appearance of the entrance wound or the sensation of the wounded 
man, could the nature of the missile be determined. In consequence, many 
cases of penetrating wounds by shrapnel bullets were thought to have 
been made by Mauser bullets, until the Rontgen ray or removal of the 
missiles showed them to be shrapnel. 

These cases are of special clinical value, as they show that wounds 
made by the larger lead bullets, when unintert'ered with and treated by 
occlusive dressings, are usually aseptic and nin favorable courses. 

Case 7. — Shrapri^l ball lodged in nech; (weptii- mound ; localizatlwi by Rontgen 
ray; removal. 

George A. Harper, private, Conipain' E, Thirteenth United States Infantry, 
was wounded July 1, by a shrapnel ball which entered the back of the neck, half an 
inch to the left of the second cervical spine. The wound was dressed with the first- 
aid packet and the patient was transferred by the steamer InxpioUt to the general 
hospital, Key West, Fla. When admitted to the hospital, the wound of entrance 
was aseptic and so small that there was nothing to indicate that it had l)een made 
by other than a Mauser bidlet, and the patient himself believed that he had ]>een 
wounded b}' that missile. 

The fluoroscope, however, showed that it was a shrapnel Imll, and it was removed 
July 16, from beneath the anterior edge of the sterno-mastoid mascle, 2 inches 
below the lower end of the mastoid process. Though made by a shrapnel, the 
wound ti*ack was not infected, the wound of operation healed by first intention, and 
the patient was well when furloughed August 6. 

Ca^e 8. — Shrapnel baU lodged in hack ; aseptic vxmiul ; localization by Rontgen 
ray ; removal. 

Henr}' E. Conover, private. Company E, Ninth ITnited States Infantry, wa« 
wounded in the left shoulder July 1, the bullet entering 1 inch above the clavicle, at 
6648 i 
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Fio. 5. — Diagram explaiia- 
torj' o( Plate VII, nhowing 
Ux^tion of shrapnel bullet, 
(ly in the cane of Private 
Henry E. Conover, Ck)m- 
pany E, Ninth United 
StateH Infantry. 



the jutK^tion of the outer and middle thirds of the bone. 
The wound was dre^ssed with the first-aid dressing and the 
patient was transferred to the general hospital, Ke}' West, 
Fia., where fluoroscopic examination was made, but the 
bullet could not be located. A static mac^hine was used at 
Key West, and, owing to the great humidity of the air at 
that plai*^, the apparatus failed to produce sufficient light 
to penetrate the thicker parts of the Ixxly. For that rea- 
son, lodged bullets could not l>e located in some cases 
while at that hospital. 

On admission to the hospital, the wound was small 
and aseptic, healed quickly, and from its appearance it was 
thought to have been made by a small-caliber bullet. The 
pmtient complained of pain in the region of the shoulder 
blade, but had no other symptoms. He was furloughed 
August (>, })ut on rejoining his regiment at the expira- 
tion of his furlough he found it difficult to handle a gun, 
and was sent to the general hospital at Washington Bar- 
rac^ks, D. C. The bullet was located just beneath the pos- 
terior border of the left scapula. The radiograph showed it to 1x3 a shrapnel (Plate 
VU and fig. 5). 

The bullet was removed Deceml)er 3, 1898, the wound healed by first intention, 
and the patient returned to duty six days later. In this case the wound, though 
made by a shrapnel, was entirely aseptic and remained so until the bullet was 
removed, five months after receipt of the injury. At the operation, the tissue al)out 
the bullet wound showed no evidence of inflammation, and the bullet was producing 
trouble only through friction in movements of the 
shoulder. 

C(U<^i 9, — Shraptiel hdlet troun^/ left groin ; 
aseptic wound; Im^alisation hy Rontijen ray f re- 
moval, 

Jeremiah Butler, corporal, Company C, Six- 
teenth United States Infantry, was wounded July 
1, by a bullet, which entered the groin 2 inches to 
the left of the root of the penis. From the appear- 
ance of the wound, the bullet was thought to have 
l)een a Mauser and the wound was dressed with the 
first-aid dressing. The patient was sent from San- 
tiago to Fort McPherson, Cxa., where, by examina- 
tion with the fluorosi'ope, the l)ullet was l<H*ated 
deep in the left thigh, alK)ut 8 inches Inflow the 
lesser trochanter. As the examination could be 
made only from In^fore Imckward, the round shadow 
thrown by the IwtU caused the examiner to think 
the bullet a Mauser lying end on. Afterwards, 




Fui. <i. — Diagram I'xplanatory of 
Platf VIII, Hhowing Ux'ation of 
bullet in the c^tfo of Jen^miah 
Butler, n»r|K>ral Company C. Six- 
teenth Uniteii States Infantry. 
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Oase 8, Section II — Henry K. C-onover, |)rivate, Company E, Ninth 
Unittnl States Infantry. 

Kailiojifra|)li of the left shoulder, viewed from the back, showing 
whrapnel bullet lodged just behind the internal border of the scapuhi. 
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Case 9, Section II. — Jereniiali Butler, cor})()ral, Company C, Sixteenth 
United States Infantry. 

Radiograph of left thigh, viewed from the posterior surface, .showing 
shrapnel bullet lodged dee})ly in the thigh about 3 inches below the lesser 
trochanter. The deej) location of the ball is indicated by its dimness of 
outline and tlu» lack of contrast between it and the surrounding parts. 
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the patient was transferred to the general hospital, Washington l^rracks, I). C. 
On aidmission, there was no evidence of intlannnation, but the pitient complained of 
pain extending down the limb, and he walked with a limp. A nidiogmph was 
taken, which showed the bullet to 1x5 a shrapnel (Plate VIII and tig. 6). 

In the operation for removal the bullet was found eml)cdded in the tissues in 
close proximity to the sciatic nerve, thus explaining the pain and disability. The 
patient recovered without event and was returned to duty a few days after operation. 

When subjected to operative treatment in the field hospitals under con- 
ditions not strictly aseptic, wounds by the shrapnel, like those ])y other 
missiles, generally become infected. 

Ciise 10. — Shraprurl hall I^Mlged !n (Utlln; wound *,ephrf'd at fiM htxpltal: xnj>- 
purntkm; htcallzatloh hy Rihdgen ray; v*nu<m.d, 

Patrick McDonnell, private. Company F. Sixteenth United States Infantry, 
was wounded July 1, by a shrapnel bullet which enteied 2 inches below the right 
acromion process. No wound of exit. An unsuccessful attempt was made in the 
field ho.spital to remove the bullet. Suppuration occurred, and an incision for drain- 
age was made. The patient was transferred to Fort McPherson, thence to the 
general hospital, Washington Barracks, D. C. Suppuration ceased and the wound 
healed. Radiogmph disclosed bullet lying in the axilla beneiith the neck of the 
sc*apula. Opemtion, under ether, December 7, the bullet removed. Wound healed 
by first intention and patient returneil to duty eFanuary 2(5, 189U. 

Va^iv 11, — SltrapntJ hdl hnlyed miprrliciaJly ; ntptlv vymtul; UnvJlzattou hy 
lioidfjeti ray; vemwaL 

William T. Earle, private. Company G, Sixth United States Cavalry, wounded 
July 1, by a shnipnel, which entered and lodged jast above the sup<M'ior iliac spine, 
left side. The wound was dressed and the patient transferred to the Relief, Kiulio- 
gniph showed i)ullet lodged just a})Ove ix)int of entrance. The wound was probably 
infected, for slight suppunition and necrosis of the ilium was noticed at the I^ong 
Island College HospitiiK where the patient was tninsferred from the Relief, The 
wound eventually healed and the patient was returned to duty. -(^af<e re^nni eompih-tl 
fiuHii rrrord^ of Surtje^fn-frcnt-rars Ojfin . 

LODGED, BRASS-JACKETED BULLETS. 

The Spanish regular troops \v(^r(^ armed exclusively with the Mauser, 
but some of the irregular trooj)s were armed with the llemingtxm of .41 
caliber, carrying a bullet havmg a brass jacket and soft lead core. This 
bullet was easily deformed, the jacket l)eing nmch less resistant to 
deforming violence than the nickel-steel jacket of the Mauser (Plate IX). 

In ccmsequence of its large size and deformability, this missile 
freciiu^ntly produced woimds of considerable size — wounds eitlu*r originally 
infected or extremely liiil)le to become so. 
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A sufficient number of Rontgen-ray cajses of wounds by this bullet 
were not reported to enable any general conclusions to be drawn relative 
to its action when penetrating. The cases reported were infected and their 
histories are given under Cases 13, and 14, Section IV, and Case 5, Section V. 

INJURIES TO THE CENTRAL NERVOUS SYSTEM BY PENE- 
TRATING MAUSER BULLETS. 

In gunshot injury of the spinal cord or brain, where the bullet is 
lodged, it becomes important to ascertain whether the symptoms are due 
to the original traumatism or to pressure from the ball. In the late war, but 
tlu'ee cases where the Rontgen ray was used were reported which came 
under this class, but these (?ases were of marked clinical interest 

Two of these cases were of injury to tlie spinal cord, and in one, the brain 
was wounded. In the cord cases, localization of the embedded bullets by 
Rontgen ray demonstrated that the symptoms were due to the original 
traumatism and not to the presence of the bullet. The brain case is of 
interest from the full history which is given of the patient's condition, the 
bullet being still embedded in the brain at the time the report was rendered. 

Ca^e 12. — (Tuywhot injury of t lie cord; Mauser Indlet lodged in back; localiza- 
t'iwi hy Ri'mtgeu ray; reitUHHil; discharge for disability, 

C. James Fidwards, private, Hospital Corps, wounded at Malate, Philippine 
Islands, July 31, 1898. Bullet entered at a point over the middle of the left deltoid 
muscle, opposite the surgical neck of the humerus. At the time of the casualty, the 
aim was deflected from the thorax at an an^le of about 60 degrees. There was no 
wound of exit. Immediately upon receipt of the injury, the patient fell to the 
ground, and there was cx)mplete paralysis, involving both the upper and lower 
extremities. He was removed to the hospital, soon became unconscious and remained 
so for two days. There was no discoverable active hemorrhage or fracture. Keflex 
functions, so far as it is possible to ascertain, were entirely absent below that portion of 
the spine where the injury was supposed to Iw. There was rectal and vesicle paralysis. 
After an interval of three weeks, during which time there was no improvement, he 
began to regain control of his arms. A progressive change for the better was inaugu- 
rated, followed by partial restoration of power of movement. Complete sensibility, 
both as to pain and temperature, returned to the right half of the body. He was 
transferred to the division hospital, Presidio, San Francisco, Cal., October 22, 181*8. 
At that time he was able to walk, but with great difiiculty. On his arrival at 
Presidio there was a loss of electro-contractility as to sensibility in the left arm, fore- 
arm and hand, left half of the thorax, left half of the abdomen and left leg and foot. 
There was loss of sense of temperature over this area. Tactile sense, however, 
was generally present. A partial paralysis of the sphincter ani and vesicas persisted. 
Knee jerk increased on right side, feebly present on left side. Motion of the 
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PLATE TX. 



PLATE IX. 

Lodged, brass-jacketed bullets, natural size. The bullets have been 
deformed by ricochet, one having the jacket entirely stripped off. 
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PLATE X. 

Case 12, Section II. — C JaIIle^ Edwards, private, Hospital Corps. 

lladiograph of chest, viewed from the back, showing lodged Manser 
bullet, which has passed through the sj)hie, lyiug 2 inches to the right of the 
spine over the third intercotital space. 
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extremities was almost completeh' restored. Symptoms in reference to the hmiii, 
negative. Sexual power and desire almost nil. No ankle elonus. No irr(»trularity 
in any of the internal organs, })ut a languid and sluggish condition, lacking the 
power of vigorous a(;tion. 

January 2, \SW, motion now only slightly impaired in left upi)er and left lower 
extremity. CV)ordination of musrles virtually normal. Power of nmseles is inhihit(»d 
in right leg. Kleetro-eontractility absent in the left low(»r extremity, extending from 
the crest of the ilium to the planter surface of the foot. Then* is also loss of the 
sensation of temperature over this area. SiMisibility completely absent in the left leg 
and foot. Mobility absent in th(» l(»ft foot. Micturation and defecation disturbances 
are still present. Sexual powi»r is diminished, Init dt^sire is normal. As far lis he 
can remember there has })een a constant dull pain in the back, in the region of the 
third intercostal space, an inch and one half to the right of the spinous process of the 
third dorsal vertebra. Radiograph (Plate X) 
shows a lodged Mauser bullet at the point 
where the pain above mentioned exists. Bul- 
let was extracted March 7, WMK and as the 
patient remained disqualitied for military 
service, he was tinall}' discharged on iU'count 
of impairment of mobility of right leg and 
thigh, and loss of sense and contraction of 
the left leg. — rV//«^ re/M/rf('d hy Maj, W, S\ 
II. Maffh^ffrx. Surf/ron. U. S. Voh. 

In the following case, spinal injury 
wa.s caused by depressed fragments of 
bone. Localization of the ])ullet showed 
that the missile was producing no ill ef- 
fect in the tissue. Laminectomy was 
done and recovery followed. The posi- 
tion of the bullet, butt end foremost in 
the tissues, makes it j)robable that the 
missile had ricocheted befon^ entering 
the bodv. 



•a 

Fn.. 7. — LHa^niin showing wound of ciitraiute, 
'/, and position of ))nlk't, /*, in tin* ca.«<e of 
F/lward Mai-shall. 



Cdxt' /J. — Kdward Marshall, rei)ortei-, wounded at La Quasimas, July 24, by 
Mauser bullet, which entered the back, 1 inch to the U»ft of the spine at level with 
the sacro-linnbar articulation. Complete paralysis of the lower extremities and loss 
of sensation followed the receipt of the injury, l^itient was tmnsferred north on 
the Olivette^ and entered the Roosevelt Hospital, New York City, where he came 
under the care of Dr. Rol>ert Ablx*. Dr. Ablx* took a nidiograph of the case, 
which located the missile lying butt end foremost, 1 inch to the right of the first 
lumbar vertebra and deeply placed in the neighlK)rhood of the n^nal vessels (Fig. 7). 

The position of the })ullet precluded the possibility that the symptoms were 
due to the pressure from the missile. Dr. Abbe did a laminectomy and removed all 
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deprcBfsod fragmontn of bono which were pressing on the spinal eord. The bullet 
was not n^movexl. 

The next ivdHn is of interest, in that it sliows the result of a gunshot 
wound of the brain, the bullet beinj^ unrenioved, and what slight disability 
and how few ini})orlant or disturbing symptoms may persist as a result of 
lodgement of a small-caliber bullet in the brain. 

C€Ufdl4^ — Peru'tratifuj^ Mau^rr hullet lommd ofhrain; tn^mnd n^eptir; hnlUit UAtt removed. 

John Gretzer, jr., private, Company 1), First Ncbiuska Volunteer Infantry, 
wounded at long range, March 27, 181^9, at Mariljoa, Philippine Islands, by a Mauser 
bullet entering cavity of cranium, three-fourths of an inch alx)ve the supraorbital ridge 
and one-fourth of an inch to the left of the median line. There was total loss of 
consciousness during first few hours following receipt of the traumatism, with the 
exception of a few short intervals of semiconsciousness, at which time, excruciating 
pain in the head was experienced. The patient was taken to the First Reserve Hos- 
pital at Manila, where he laid in bed for alx)ut four weeks. While in bed, he 
suffered extremely from pain in the head, most severe the first three days, moderat- 
ing slightly at the end of the fifth week, l)ecoming intermittent, greatly exaggerated 
on exertion, by heat, and especially direct rays of the sun, exposure to which caused 
him to reel, stagger, and almost lose consciousness. At the present time (August, 
1899), is still (|uite susceptible to direct rays of the sun. First few days of illness 
were marked by extreme nausea and persistent vomiting; the slightest thing taken in 
the stomach would be rejected. The pain in the head increased the severity of these 
attacks. During early weeks of illness any exertion of the brain, as reading, caused 
pain in ba(;k of eyes and vertex of the head. 

Returned to San Francisco with his regiment in August, 1899. Radiograph 
taken August 20, showed Mauser bullet eml>edded in left occipital lobe (Plate XI). 
General condition good, as shown by photograph (Fig. 8). 

Condition, Oirtober 1, 1899, six months after receipt of the injury: Occasionally 
has pain in the lumbar region, and describes it as being a '* catch," lastmg aliout five 
minutes at a time. Pain in the head, when pre.sent, is located a little anterior to 
parietal eminence on left side. There is no history of loss of power on either side, 
but a weakness is appreciated in the right arm and leg, and a slowness in response 
U) mental impulse. This last is demonstrated in the act of writing; though the 
thought is perfectly clear, there is a slowness in the forming of the words. 

Voic(» : Patient did not. to his knowledge, exercise this function for first two 
days of illness, but on bei^inning to do so, noticed a slight (H)nfusion of ideas, it 
l)eing necessary to first chnirly fix a thought before giving expression. There was 
also tiMuporary loss of power to rei^all past events and names of companions. This 
returned with full clearness at other times. A slight confusion still remains. 

Eye : Pain back of left eye more or h»ss severe, and increastKi by use, and 
relieved by closing the lid. During confin<»ment to l)ed following injury, patient 
tested vision of left eye by closing right. The vision was clear, but slight weakness 
and photophobia was noticed. Ptosis of left eye was marked during early weeks of 
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PLATE XI. 



PLATE XL 

Ca8E 14, Section IL — John Gretzer, jr., private, Company U, First 
Nebraska Volunteers. 

Radiograph of head viewed from the left side, showing Mauser bullet 
lodged in the brain. 
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III. 

THE LOCALIZATION OF LODGED MISSILES. 
THE R6NTGEN RAY AND WOUND EXPLORATION. 

The superiority of the Rontgen ray over other methods of locating 
lodged missiles is so great that, when available, it should be used to the 
exclusion of all others. 

It is a most distinct aid to conservative surgery, in that, with it 
obtainable, disturbance of the wound through innnediate attempts to locate 
missiles is usually unnecessary. Before its introduction, it was frequently 
thought requisite to follow, or attempt to follow, the track of the bullet 
before the ti-ack was healed, as the only way of locating a missile which 
might produce subsequent trouble. When the probe, or one of its 
substitutes, is used, one of the tenets of modem military surgery, namely, 
noninterference, can not be followed, and septic infection is made possible 
or probable. With the Riintgen ray at hand, the surgeon can locate a 
lodged missile at any time when necessity demands, and its track can safely 
be left undisturbed. 

The unreliability of the probe for locating lodged missiles is well 
known. With the probe it is possible to follow only a small minority of 
bullet tracks. The contractility of the tissues may interpose obstacles to 
its passage and a change of position on the part of the patient may cause 
such a shifting of muscular and fascial structure as to completetely obstruct 
or alter the path made by the projectile. In fact, a great majority of cases, 
where the bullet has been located by the the Rontgen ray, show clearly 
how impossible it would have been to determine the position of the missile 
by means of a probe. 

Not only is it difficult to follow the path of the bullet with a probe, 
but, even having done so, assurance that the missile has been touched is 
often impossible. The nickel-steel jacket of the modem bullet leaves no 
mark on the porcelain tip of a Nelaton probe, and sensation of contact as 
differentiated between a missile and fibrous tissue is not sufficiently definite 
to enable an examiner to determine that the probe is in apposition with the 
bullet. Nor can the telephonic probe be relied upon; as is shown in Case 5 
of the preceding section. 

45 
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But not only is the probe unreliable, but it is a source of danger, even 
when used with all possible aseptic*, and antiseptic precautions. The experi- 
ments of LaGarde, Delorme, Habart, and Faulhaber have shown that in 
practically all bullet wounds, even those made by the modem compound 
bullet, some foreign matter and bacteria are carried into the wound. The 
number of bacteria so carried in are usually not sufficient to produce 
surgical infection and subsequent inflammation and suppuration, provided, the 
wounds are })rotected from further infection and are left undisturbed. For, 
undoubtedly, the factor of noninterfenence with the wound is of great 
importance. No sooner is a traujnatism inflicted than natural processes are 
brought into action for protection and repair. There is a local increase in 
vascular activity, serum is poured out, leucocytes accumulate, and the 
defensive factors of phagocytosis and serum bactericidal action are brought 
into play. That these factors may have best opportunity for action, rest 
and nondisturbance of the tissue are necessary. Mechanical disturbance 
of the tissues by probes, by the finger, or by instruments will produce 
fresh traumatisms and cause disturbance of the defensive action going on, 
and these traumatisms and disturbances, however slight, will favor gi'owth 
of the bacteria and add to the defensive labor required of the tissues. So 
that even aseptic or antiseptic operative or explorative interference may 
throw the scale on the side of the invading bacteria and lead to trouble- 
8ome or disastrous consequences. For these reasons, and in consideration 
of the uiu-eliability and danger of searching for a bullet through the wound, 
it may be stated that such search is contraindicated, except in cases where 
the innnediate danger from the presence of the bullet is greater than the 
possible consequences which may arise from interference. 

Fortunately, cases recjuiring immediate removal of lodged missiles are 
extremely rare, and for all other cases, the uncertainty and danger of 
exploration through the wound are done away with by the certain and 
safe action of the Rontgen ray. 

NECESSITY FOR THE LOCALIZATION AND REMOVAL OF LODGED MISSILES. 

It is well known that lodged missiles frequently become encyst-ed in 
the tissues and cause no further trouble. In other cases, however, they 
give trouble through causing suppuration, or by pressure upon some neigh- 
boring nerve or organ, or by being so situated as to interfere with, or pro- 
duce pain during muscular action. 

Frequently, also, knowledge of the ))resence of a foreign body causes 
mental disquietude, and in other cases it is important to know the exact 
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location of the missile in order to determine whether the symptoms which 
sometimes follow its lodgment fire due to the lesions incident to the original 
traumatism or to irritation from the foreign body, or whether or not the 
symptoms may not be due to something entirely unconnected either with 
the original traumatism or the presence of the lodged missile. In such 
cases, accurate localization of the bullet is of the gi-eatest importance and 
value from a standpoint of diagnosis and treatment. 

The following two cases are illustrative of those cases in which, with- 
out accurate localization of the bullet, it is impossible to determine whether 
or not the symptoms are due to the effects of the original traumatism or to 
iiTitation set up by the lodged missile. Case 1 is illustrative, also, of the 
aseptic course of a wound made by a 
slow-moving lead bullet when left un- 
disturbed. 

Case L Shrapnel hall lodged in hack; 
traumatic neurasthenia ; l<H:alizati(m hy Rdnf- 
gen ray; missile not removed, 

Richard J. Eskridge, major, Tenth 
United States Infantry, wounded with shrap- 
nel, July 2, at Santiago and transferred to 
Massachusetts General Hospital, where fol- 
lowing history was noted: 

Ball entered back while he was sitting. 
Immediate shock severe. Intense dyspncea. 
Complete temporary paralysis of the left 
side. After boing taken to rear was able to 
move arm and wiggle toes slightl3\ Dysp- 
noea lasted twenty-four hours. Severe con- 
stant pain in lower half of left side of trunk 
and left leg. Wound healed readily. No 
wound of exit found. Paresis of leg re- 
mained same for about three weeks, then 
began to disappear gi*adually till he was able to raise his leg from the bed about 
three weeks later. Since then, improvement less rapid. Pain has continued with 
about same severity, requiring one-quarter to one-half grain of morphia at night. 
More severe at night; more severe in damp weather. 

August 16. Examination: In left back, 2i inches from median line, at level of 
ninth rib, a round scar one-fourth inch in diameter. Marked muscular atrophy of 
hip, thigh, and leg of left side. Thigh and leg (left) very flabby. Extreme sensitive- 
ness of thigh and leg, most marked just above popliteal space. Knee jeak absent on 
left side. Able to get around little on crutches and put a little weight on left leg. 
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Fig. 9. — Diagram showing location of wound 
of entrance (a) and position of bullet (A) 
in the case of Maj. Richard Eskridge, 
Tenth United States Infantry. 
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November 6, X-ray plates taken; bullet found. Three plates then taken, one 
directly over site of bullet, one on either side at angle of 45^. These located bullet 
at level of second lumbar intervertebral disk, li inch above level of crests of ilium 
and about three-fourths inch to 1 inch deep. Removal not advised by neurologists, 
as no source of irritation. 

From the Massachusetts General Hospital the patient was transferred, with a 
diagnosis of traumatic neuritis, to the Army and Navy General Hospital, Hot 
Springs, Ark., and thence to the General Hospital at Washington Barracks. 

On arrival at the latter hospital the same symptoms of pain and local hyper- 
asthesia were the same as given above. The motor functions of the left leg had 
considerably improved. Some doubt existing as to whether the symptoms were due 
to the original traumatism or to pressure from the bullet, a radiograph was 
taken, from which it was thought that the bullet (shrapnel) lay as located in the 
Massachusetts Hospital. The bullet was cut for, but could not be found. The 
Mackenzie-Davidson localizer was then used and with it, the bullet was located 
considerably deeper and in the subperitoneal tissue just below the left kidney. As 
from its location, it could by no possibility be causing an}^ of the symptoms, the 
neuritis was undoubtedly traumatic, a result of the original lesion, and no further 
attempt was made to remove the })ullet. 

The following illustrates those cases in which it is necessary to locate 
the lodged missile in order to determine whether symptoms which follow 
the receipt of a gunshot wound are due to the presence of the bullet or to 
some entirely different condition : 

Case 2. — Fragminit of viissUe lodged in the back; neuralgia; loca^'^mtion of 
fragment hy Rontgen ray. 

Alfred W. Bjornstad, captain. Thirteenth Minnesota Volunteers, received a 
slight superficial wound of the left shoulder at Manila, P. I., August 13, 1898. On 
turning to go to the rear to have the wound dressed, he was struck a second time by 
what he thought to be a ricoc^het bullet. The wound of entrance was 3 inches to the 
left of the spine and midway between the ninth and tenth ribs. The wound was 
dressed with a first-aid dressing and healed without trouble. After returning to 
duty, he was troubled with almost constant pain in his right side, especially when 
marching. This continued until he was returned to the United States with his 
regiment to be mustered out. After being mustered out, he was appoint(*d captain 
in the Forty-second United States Volunteer Infantry, and as the pain in the right 
side still troubled him somewhat, though much less than formerly, he applied for 
treatment before being returned to the Philippine Islands, with a view to determine 
whether or not the pain in his right side was due to the presence of a lodged bullet. 
He was ordered to the general hospital at Washington Bari^acks, D. C, where a 
ROntgen ray examination was made and a small, irregular piece of metal, probably a 
fragment of a bullet, was located in the left side almost directly beneath the wound 
of entrance. Careful examination showed no other missile and determined the fact 
that there was no lodged bullet on the right side producing the pain from which the 
patient was suffering. As the small piece of metal on the left side was producing 
no trouble, it was not removed, and the patient loft the hospit^il shortly aft<M*wards. 
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Case 3, Section 3. — John Watson, private, Troop F, Tenth United 
States Cavalry. 

Radiograph of left leg, viewed from the back, showing fragment of 
missile embedded in the center of the callus formed at the site of a gunshot 
fracture of the fibula. 
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The value of the Rontgen ray in locating missiles or small fragments 
of missiles which have infected the wound and cause continued su])pura- 
tion is shown by the following case: 

Case 3. — FragDient of imtnJ lod<je<l in Jihula; imppuraihrn; loealizatum hy 
Rimtgen ray; remm^nl; 7'tfi'overy, 

John Watson, private. Troop F, Tenth Cavalry, was wounded July 1, hy a 
missile, supposed to he a Mauser, which entered the anterior surface upper part of 
middle third right leg, fractured the fibula, and passed out at the internal lateral 
surface. The patient was transferred north and finally to the general hospital at 
Washington Barracks. A suppurating sinus persisted at the site of the original 
wound of entrance. A radiograph was taken which showed a small fragment of 
metal embedded in the callus uniting the fractured fibula, (Plate XII). Operation 
disclosed a small piece of lead at the point indicated. This was removed, the 
wound promptly healed, and the pdtient was returned to duty. 

LOCALIZATION METHODS. 

It is to be noted that Rontgen rays are projected in right lines from 
the anode of the Crookes tube. As a consequence of this, the observed 
shadow of an object, the object itself, and the anode are all in line. This 
direct projection of the observ^ed image is both an advantage and a disad- 
vantage in locating missiles lodged in the body. It is a disadvantage, ui 
that erroneous conclusions may be formed of the location of a missile, 
unless the position of the anode and the position of the shadow of the 
object are accurately observed and noted. For, if the position of the anode 
is not known, the foreign body may lie in any line projected from the 
position of the observed shadow. The projection of the shadow of an 
object in a right line is of advantage in that, knowing the position of the 
anode and the })osition of the shadow, the object itself must be at some 
point directly between the two. This fact of the direct projection of the 
shadow of objects has given rise to two methods of localization of lodged 
missiles; a, by direct observation; 6, by multiple observation. 

LOCALIZATION BY DIRECT OBSERVATION. 

Direct observation h^is to be employed in those cases in which lateral 
views can not be made through the part in which the foreign body is lodged. 
Thus, in examinations made for foreign bodies in the chest, abdomen, pelvis, 
shoulder, and upper part of the thigh, the observation has to be made from 
before backward, or vice versa. As no lateral views can be obtained by 
which the depth at which the foreign body lies can be determined, resort 
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must be had to other means, of which there are two; first, the use of some 
fonn of locaKzer, discussion of which will be taken up later; and, second, 
critical observation of the image of the foreign body and its relative posi- 
tion. By carefully examining the outline and size of the image of the 
lodged missile and the movement of its image when the tube is shifted from 
side to side, the depth of the foreign body in the part can be approximately 
ascertained. 

If a lodged missile is very near the fluoroscopic screen or the photo- 
graphic plate, the outline of its shadow will be quite sharp. If farther 
away, the outline of its shadow will be blurred and indistinct and its 
size increased; the blurring, indistinctness and size, increasing with the 
distance of the lodged missile from the plane upon which its shadow is cast. 

If the outline of a lodged missile is sharp and 
distinct in the radiograph, it indicates that the 
missile is near the surface of the body against 
which the photographic plate was placed. If, 
on the other hand, the picture of the lodged 
missile appears blurred and indistinct in the 
radiograph or on the screen, it is an evidence 
that the missile is at a considerable depth in 
the tissues. The increased size of the image 
of a deeply placed foreign body is due to the 
greater dispersion of its shadow the nearer 
the body lies to the source of light (fig. 10 h). 
Its blurred outline is due to the fact that the 
Rontgen rays are not projected from a single 
point on the anode, but from its entire surface. 
As the rays are not projected from a single 
point, they cross each other at the edges of 
an object, forming a penumbra, and, neces- 
sarily, the penumbra is wider the greater the 
distance between the object and the plane upon which its shadow is cast 
(fig. 106). 

In making these observations, photography is a much safer guide than 
visual observtions made with a fluoroscopy as the photographic image will 
show diff'erences of outline more clearly than the eye can determine them. 
A number of examples of the relative dimness of outline and variations 
in size of the image of lodged missiles, according to the distance of the 
missiles from the surface of the ))ody, are given in the radiographs accom- 
panying this re])ort. 




Fio. 10. — Diagram showing the rela- 
tive size of umbra, penumbra, and 
shadow in foreign bwlies located 
superficially (n) and deeply (b) in 
the tissues. 
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In iulditioii to the methods already }^I veil for ai)i)roximating tlie position 
of lodged missiles, advantage can be taken of the })osition of the image of the 
foreign bodies relative to surface markings and i)oints on the bones. Thus in 
Case 9, Section II, the position of tlu^ observed image of the bullet relative 
to that of the lesser trochanter and the fold of the buttock was of the gi-eatest 
assistance in locating the bullet at the time of operation, while the dinmess 
of outline and large size of the image of the l)all indicated that it was deep 
in the part. 

A still further means of approximating the (lei)th at which a lodged 
missile lies in a part is to note by the liuoroscope, the distance whicdi the 
image of the object moves when the tube is shifted laterally. If wdien the 
tube is moved, the image moves but slightly, the missile can not be deep in 
the part; while, if the image movement is (considerable, the foreign body is 
probably quite deeply placed. 

These means of localizing lodged missiles give only inferential results, 
but by careful observation and by combining all possible factoi-s, foreign 
bodies can be localized, in a majority of cases, with sufficient exactness 
for all practical purposes, especially if they are not deei)ly i)laced. On 
account of its size, a bullet is not likely to be missed by a surgeon when 
it is situated sui)erficially, provided the oi)erator cuts in direct line from 
its observed shadow toward the i)oint where the anode of the Crookes 
tube was located. Hut in pui-suing the method of direct incision, the sur- 
geon must be quite certain before operating that the body for which he is 
searching is situated superficially, or he may have to cut too (h^e})ly or 
through important structures to find it. 

Where foreign bodies are deeply placed or in the neighborhood of 
important stnictures or organs, it is necessary that they be accurately 
located before operative interference is ado})ted, and in such cases one of 
the methods of localization by multiple observation nnist be resorted to. 

LOCALIZATION BY MULTIPLE OBSERVATION. 

Localization by multiple observation covers all the methods of localiza- 
tion in which the location of the foreign ])ody is determined by observa- 
tions, so made, that the right lines of light from the anode cross each other. 
As the anode, the observed body and its shadow are always in line; wdien 
two observations are made with the anode in difierent jiositions at each 
observation, it must follow, that the obsei'\"ed bod}' nuist lie at a jioint where 
the lines drawn from the anode to the shadow of the bodv cross each other. 
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As a consequence of this, if two observations are made with the anode in 
different positions, and these positions and the points on the surface of the 
body where the images of the missile are projected are recorded, tlien the 
missile can be accurately located at the point where lines cross each other 
which are drawn from the positions occupied by the anode to the points on 
the surface of the body where the shadows of the missile were cast. 

A number of means have been devised for determining the position of 
the anode and the shadow of foreign bodies relative to the surface of 
that part of the body in which the foreign body is located. The most 
common method is to make an observation and mark upon the skin the 
point where the shadow of the foreign body is thrown, then to move the 
anode to a position where it will approximately project the Rontgen rays at 
right angles to the first observation, and, after marking on the skin the point 
where the second shadow of the foreign body is cast, the operator can, by 
angulation, approximately determine the i)oint where the foreign body lies. 
This method, like the method by single observation, is generally sufficient 
for cases where the missile lies superficially or in close relation to some 
bony point Examples of this method of determining the })osition of lodged 
missiles by right-angled observation are given in Plate XIII, and in 
Plate XXXIII. 

But where the bullet is lodged deeply, this method, like the method by 
direct observation, while sufficient for some cases, can not be depended upon 
for accuracy, and instruments have been devised for definitely fixing the 
position of all the points necessary to accurate localization; namely, the 
positions of the anode, the places on the surface of the body where 
the projected shadows of the foreign body are tlu'own, and the position of 
these points relative to each other. 

These instruments are divided into two classes; those in which pho- 
tography is used, and those in which visual eft'ects are relied upon. 

Instruments of each class have been used and have been found of great 
value in difficult cases arising from the late war. 

PHOTOGRAPHIC APPARATUS FOR LOCALIZATION. 

Mackenzie- Davidson devised and, in 181)8, described a method of 
localization, since known as the crossed-thread system.^ This method, either 
with Mackenzie- Davidson\s original aj)i)aratus or one of its modifications, is 
probably the most accurate and reliable means now used for the localization 

» Mwkfiizit' DuvldHon. Rontgen my uml l«K'aliz«tioii. Hriti.sh MtHlirul Jounijil, Jumiury 1. I8tf«. 



PLATE XIIL 



PLATE XIII. 

Case 4, Skction II. — John N. Taylor, private, Company H, Twelfth 
United States Infantry. 

Itadiographs of the left foot, viewed from the mner, and from the 
plantar surface, showhig a slightly deformed bullet embedded in the sole 
of the foot, beneath the cuboid bone and in a line with the second metatai'sal 
bone. The two views accurately locate the missile. 
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of fineij^ii huditja with the Rontgeii my. Tlie Mackenzie- Davidson n]}\m- 
ratus cniisist^ of two parts, the exposer (fig. 11), and the locnlixer (fig. 12), 
By means of the exposer, that part of the body in which the foreign 
body 18 lodged in fixed in a definite position relative to a plu»t<*j^rapliit' 
plate, Twt» exposures are then made n]>oti the same plata with the anode 
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wirt^ on the lx>ar(t* The wirefl are inketl and lottve inarku on th*^ t^kin of tht* i>nrt ami the ituii^ of 
the wm?^ afijiears on the negative, Thie gives lines for loL'alis&attoii. The tube h snwpenrlecl vurtieally 
aixive the trauHveree wire and e<|uMi3^tant at e^eh exp<i*iure frtim a p*jint vertieaUy alK)ve where the 
wire** f^row*- 

in diff^ereiit position for ea(*h exposure, the position of the anode being l>y 
means of the apparatus accurately fixed and determined for each exposure* 
The plate being then developed, two images of the shadow of the foreign 
body will ai>pear in the negative* 
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By measuring the location of the point where the threads cross, the position 
of the foreigji body in the tissues is then determined by markings made on 
the skin at the same time that the negative was taken. In tins way, foreign 
bodies can be located with jnathematical exactness. 

The method in detail is as follows: Radiographs are taken from two 
different points of view. In order to cany out the adjustment and move- 
ment of the Crookes tube, a horizontal bar is used with a scale upon the 
front of it, graduated in millimeters, with 0° at the middle pohit of the bar 
(fig. 11). This bar slides up and down uj)on the two rods which rest upon 
the floor, each with a base similar to those in standard lamps. There is a 
small holder for the Crookes tube, which slides horizontally along the bar, 
and there are two sliding checks, which can be fixed by means of a small 
screw at any desired })oints on the scale, thus enabling the tube to be 
(luickly and accurately removed from position on one side of 0^ to a corre- 
sponding point on the other side. 

In case it is desired to adjust the (./rookes tube to any })articular height, 
there is a small bar which slides vertically up and down and carries the 
tube with it and acts as a fine adjustment; a small thumbscrew clamps it. 
Inhere is a small spirit level fixed on the top of the carrier of the Crookes 
tube. 

The method of taking the radiograph is as follow\s: The first step in the 
process is to measure, as accurately *is ])ossible, the height of the point of origin 
of the Rontgen rays above the photogi'aphic })late or film, and generally for 
all practical purposes, the middle of the anode })late may be taken as the 
radiant point. The sliding holder with the tube is placed with one of itj^ 
i edges cm O"* of the scale on the horizontal bar. The check clips are adjusted 

on either side of the O"" to the desired degree of dis[)lacement and fixed there, 
so as to allow of equal disi)lacements of the tul>e to either side of O". The 
amount of displacement of the tube does not seem to afiect the accura(*y of 
the results; a disjdaceraent of 7 cm. to i'Airh side of zero working well in 
practice, though other distance may be required in some cas(\s 

On the table below the tube there is a board with two fine wires 
stretched across it at right angles, and dividing it into four equal parts (see 
fig. 11). It should be considerably larger than the largest i)hotographic 
l)late or film which is to be used, so that the plate or film covered with 
black paper in the usual way can be slipped beneath the cross wires. Or, 
instead of the board, two wires van be tied directly across the covered 
photographic plate. The adjustments now necessary are as follows: Put 
the tube holder at O", and then w^ith a small plumb line drop a perpendicular 
6648 6 
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from the middle of the platinum anode. The board is then placed so that 
the point where the wires upon it cross is just under the plumb-line needle; 
in fact, vertically below the center of the anode. Further, the board must 
be so placed that one of the wires is parallel to the plane in which the tube 
is to be placed; that is, it must be made to lie parallel to the horizontal bar. 
This can be done by mere inspection by looking along the edge of the 
horizontal bar and seeing that the wire is parallel to it. Once these adjust- 
ments are made, the board can be fixed to the table and the instrument is 
ready for use at any time without further adjustments being necessary. 

The distance of the center of the anode vertically from the plate is 
carefully measured and recorded. The tube holder is now displaced to the 
previously fixed check clip on one side. The cross wires are lightly brushed 
over with some suitable dye (the ink used for rubber stamps is good). 
The plate, covered as usual, is then slipped beneath the cross wires. The 
patient now places the part to be photographed on the plate and a small 
object, opaque to Rontgen rays (a small coin answers well), is placed on 
one of the comers of the plate, so as to mark a quadrant. The current is 
turned on and one exposure made. It is then stopped for an instant till 
the tube is pushed over to the other side of O^, to where the other check 
clip had been previously fixed, and then another similar exposure is given 
on the same plate and without the patient moving. When the patient 
raises the part from the plate he should carry the mark of the cross wires in 
ink and it is important to make a small mark on the quadrant of his skin, 
which cx)rrespond8 to the quadrant on the plate upon which the opaque 
object was placed. This is clearly necessary to keep the parts and the 
negative in register. 

The negative is at once developed and fixed in the usual way, when 
two shadows of the foreign body will appear. If, for example, the foreign 
body is a bullet, there will be two bullet shadows in the negative. 

From the above data and with this negative one can, by means of 
mathematical formulae or geometrical drawing to a scale, arrive at a correct 
knowledge of the position of the bullet. But the recjuisite knowledge is 
not always at hand ; and the second part of the apparatus is now brought 
into use. Fig. 12 shows the apparatus called the *' localizer." 

It resembles a photographer's retouching desk. Upon an iron stand a 
piece of plate glass is placed horizontally and beneath it, a mirror which can 
be adjusted so as to reflect the light from a window or lamp up from below. 
There is a horizontal bar which slides up and down upon two vertical rods. 
On this bar, there is a millimeter scale with a small notch at each millimeter 
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mark. The O*" is at the middle i)oiut of this bar. On the j^lass plate there 
are two lines cut with a diamond at right aiifjfles to each other (to corre- 
spond to the cross wires on the vulcanite plate), and this gUuss plate, which 
is movable and can be clamped, is so placed that the point where the lines 
cross is vertically beneath the O" on the scale above, and the line on the 
glass running right and left (when facing the scale) is j)laced i)arallel to the 
edge of the scale. In other words, they are in the same vertical plane. 
The scale is now raised or lowered so as t(j make the O" on it precisely at 
the same height vertically above the negative as the anode of the Crookes 
tube was from the photographic pUite or film when the negative was being 
produced. 

The negative being washed after fixing, can be at once placed upon the 
horizontal stage and easily adjusted, so that the white lines produced by 
the cross wires, are made to coincide with the cross line on the glass plate, 
care being taken that the marked quadrant is in the same relative position 
as it occupied when the photograph was being taken. As a routine practice, 
it is best to mark the right upper quadrant, as the operator stands facing 
the scale on the bar. 

It is important to remember that the negative should be placed face up 
on the stage, for if placed on the stage with the gelatin face downward the 
relations of the parts are reversed. 

The negative being thus arranged, it will be seen that it is really 
placed under exactly the same conditions as it o(*cupied when it was being 
taken. Under these circumstances, all that is now required is to trace the 
path of the rays which produced the negative. This is done in a very 
simple way. The distance on each side of the middle point (0^ on the 
scale) to which the anode was displaced is known. KSuppose it was 7 cm., 
a fine white silk thread is placed in the notch 7 cm. to one side of ( )° and 
another silk thread (red) is placed in the notch 7 cm. to the other side of 
0°. Small weights are attached to one of the ends of each tlu-ead to keep 
them taut, while the other is threaded into a fine needle, which is weighted 
by being fixed into small lead weights, in shape resembling a mouse 
(Figs. 12 and 13). 

Now, these threads can be use<l to show the path of the rays which 
produced the negative. Suppose we are deaUng with a bullet in some part 
of the body. On looking down on the negative we find two bullets, and 
it is not difficult to see, that as the Crookes tube was displaced horizontally 
in a line running right and left, that the shadow of the bullet to the left 
was produced by the tube when displaced to the right, and vice versa. 
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Thus, if we place one of the threads on the point of the bullet in one shadow, 
it will indicate the path of the ray that produced the shadow of the bullet 
point (P, fig. 13.) Now, if the other thread is placed on the correspond- 
ing point of the other bullet shadow 
(P\ fig. 13), then it must follow that 
the position actually occupied by the 
point of the bullet in question is pre- 
cisely where the two threads cross at 
c in fig. 13. 

If the perpendicular distance of 
a point can be measured from three 
planes which are at right angles to 
each other — in short, if the Xj y, and z 
can be ascertained — then all will be 
known about the position of the point 
in question. 

This we can do at once with the 
l)oint c in fig. 13. First, the vertical 
distance from the negative to where 
the threads cross each other is measured. This is the distance of the point 
of the bullet beneath the skin (of the patient), which rested on the photo- 





FiG. 1.3.— Diagram showing methcxi of using the 
localizer (Mackenzie Davidson). 
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Fio. 14. — Diagram showing method of localization (Mackenzio-Davi<lson). 

graphic plate. This can be measured with an ordinary pair of compasses. 

The vertical distances are next measured from the two vertical planes 
represented by the shadows of the cross wires to the point where the 
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threads cross. An iij)right square is placed with its edf^fe coincident with 
the shadow of one of the wires, and the perpendicular distance is meas- 
ured with conij)asses from it to the point where the threads intersect. In 
this way j*, y^ and z of the })oint of the bullet is ascertained and the result 
noted down, as shown in fig. 14. Tlie arrows in fig. 14 indicate the direction 
of the disj)lacements of the Crookes tube. We then proceed in a similar 
manner to a.scertain the position of the butt of the bullet r, in fig. 13. And 
the distiince between c and r' in fig. 13 gives tlie direction and actual length 
of the bullet. 

From the measurements jotted down, as shown in fig. 14, a line can 
be marked on the patient's skin in the same plane as the bullet, and the 
surgeon can be given the exact depth at which each of its extremities can 
be reached by a vertical puncture. 

Several pairs of threads might be used, and in this way the shape of 
the foreign body might be outlined; but it is more convenient to use one 
pair. The point where they intersect can be fixed by the point of a surface 
gauge; and, when the threads are moved to another position, the difference 
between their new point of intersection and their former, where the point 
of the sin*fa(*.e gauge stands, can be measured at once. In fig. 13, the dark 
lines indicate the position of the threads, the dotted lines show the position 
they occupy when they are each directed to the butt of the bullet, and the 
distance from c to c* is the actual length of the bullet. It also indicates the 
direction in which the bullet lies. 

The final result of the process is, that we can draw an outline of the 
foreign body on the patient's skin and give the depth below the skin of 
any of its parts, and this enables us to give the direction and depth at 
which it can be reached from any point the surgecm may select. 

The original Mackenzie-Davidson localizer has been modified on the 
lines of portability and simplicity, but the principle remains the same. In 
the Harrison i)ort{ible lo(*alizing apparatus, the essential features are 
retained and the apparatus is made very [)ortable and consequently well 
iidapted to military surgical use. 

This apparatus (fig. 15), cimsists of a baseboard which supports a slid- 
ing tube holder. The tube is fixed at a certain height above the surface 
of the board, and radiograi)hs are taken with the tube at each extremity of 
the slide. The negative is then developed and j)la(*ed on the baseboard. 
Two pillars, whi(*h plug into the board, are so arrang(Kl that a small notch 
at the top exactly coincides with the two points from which the radiographs 
were taken without any measuring or calculations, and silk tlireads con- 
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nected to weighted pointers are taken from these pillars to the image on 
the negative, as in MacKenzie-Davidson's apparatus. 




Fig. 15. — Harrison portable localizing apparatus. 

The tube holder, pillars, etc., are all removable, and can be packed flat 
with the boai'd. 



APPARATUS FOR LOCALIZATION BY VISUAL OBSERVATION. 



But one form of apparatus of this type has been used by the Medical 
Department of the United States Anny. It is known as the Dennis 
fluorometer (fig. 16). 

This is an instrument by means of which the position of the anode, 




Fiu. 16. — The Dennis fluorometer. 



the foreign body, and its shadow as projected upon the surface of the body 
may be noted by visual observation through the fluoroscope. With it. 
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localization is nimle l)y deterjiiining the position of tlie foreign body by 
two observations made at right angles to each other. 

The instrument consists, essentially, in a set of carefully <le8igned 
metallic angle pieces which conform generally to the shape of the body or 
limb, and which, in their use in connection with the Rontgen rays, are 
suscejrtible of behig squared with a simple and conveniently adjustable 
table. The })atient being laid on the table and a fluorometer appliance 
adjusted, the fluorometer is brought into the parallelism of the rays — that is, 
when the proper position of the cross section is obtained, the two arms of 
the fluorometer will present the characteristic single shadow on the field of 
the fluoroscope. 

Attachable to the ai-ms of the fluorometer are two pins or sights. By 
means of these sights, the foreign object having Ijeen brought in line with 
them and the proper adjustment having been made, a correct line is pro- 
duced, with the sights and foreign object coincident. 

By means of a metallic grating of inch mesh, which is placed adjacent 
to one side of the body and consequently one side of the fluorometer, exact 
measurements can be made with the eye from the base line of the fluoro- 
meter and from points on the circumference of the body to the foreign 
object. 

Then, without moving the body or the fluorometer, the Crookes tube 
is placed directly over the subject for the })urpose of obtaining the vertical 
line. By means of an adjustable crosspiece, which is placed over the arms 
of the fluorometer, exactly the same results in a verti(*al way are obtiiined 
by viewing the subject from beneath, the same condition of parallelism 
having been produced, another set of pins having been i)laced in position. 

It will be seen at once that while the first operation locates the foreign 
object on an exact cross section, the second observation shows the exact 
position occupied by the foreign object in that cross section. 

All the elements of distortion having been eliminated, the foreign 
body will necessarily be at the intersection of the two lines of the right 
angle. 

In ])ra(*.tice, the surgeon indicates the first cross section obtained by a 
line of India ink or iodine on the body, and is thus enabled to establish 
the position of the object by mea^jurements from points on the exterior of 
the subject, with as much exactness as if the body or limb were actually 
severed at the first cross section and presented to view. 

The fluorometer is a useful apparatus in many cases. But on account 
of the difliculty and frequent impossibility of using the fluoroscope where 
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missiles are lodged in the thicker parts of the body, especially in regions 
where dense shadows are cast by the contained organs of the abdominal 
cavity, this apparatus has only limited use and can not compare with the 
Mackenzie-Davidson or cross-thread apparatus, which are applicable to all 
cases. 

It is, however, only in exceptional cases, and those of considerable 
rarity, that recourae will have to be made to either form of localization 
apparatus. In the great majority of cases, visual observation or radiographs 
will give all necessar}'^ information to the surgeon relative to the location of 
lodged missiles. For this reason, in military surgery, it would not seem 
necessary to supplement every Rontgen apparatus with one of these appa- 
ratus. They should, however, be available for use at a few general hospitals 
where cases of marked difficulty can be sent for treatment 



TV. 

GUNSHOT FRACTURES OF THE DIAPHYSES OF LONG BONES. 

Ill {j-imsliot fractures of tlie shaft of loii^ ])ones, tlie extent of the 
fracture, its fV)rin, and tlie amount of comniunition vary considerably 
according to the conditions which obtain at th(» time of the receipt of the 
traumatism. The conditions which influence the bone lesion are the part 
of the bone struck, the structure of the bone at the ])lace of impact, the 
velocity and form of the missile, and the angle of incidiMice. As all these 
factors can hardly be identic*-al in any two causes, bone h^sions are bound 
to vary within certain limits. 

Of great im])ortance in these factors is the part of the bone struck. 
The physi(*al (lualities of the cancellous tissue of the ei)iphyses are so different 
from those of the (H)mpact tissue of the shaft of the long bones that, under 
conditions of gunshot impact, different traumatic results occur according to 
whether one or the other of these parts is struck. 

The results of Rontgen-ray examinations made during the late war 
lead to the conclusion that, minor differences apart, gunshot lesions of the 
shafts of long bones by small-caliber bullets may be divided into three 
main classes : 

Class 1, fractures l)y bullets having sufficient velocity to produce 
perforating wounds. 

Class 2, fractiu-es by undefornuMl bullets having sulfi(*ient velocity to 
penetrate only. 

(!lass 3, fractures by peni^trating, d(^formed bullets. 

A ])()ssible fourth class, namely, fractures produced by deformed 
bullets traveling at velocity sufficient to produce i)erforating wounds, is not 
recorded and would b(^ extremely difficult to detx^'inine. Su(*li bulh^ts pass 
throuirh the i)art woiuide<l, and the onl v evidence that the fracture had been 
made by a deformed missile would be an atyj)ical appearance of the 
wounds of entrance and exit, appearances whi(*h are not always present, and 
which if present wouhl lead to inferential conclusiims only. 

CLASS I.— FRACTURES BY PERFORATING BULLETS. 

Under this class come all fractures ])roduced by bullets traveling with 
sufficient velocitv to pass out of the wounded ])art after havhig fractured 
the bone. So far as ol)serve<l, frac^tures by j^erforating bulh^s have one 
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common cliaracteristic: tliey are all more or less comminuted. The amount 
of comminution ai)parently (lei)en(ls mainly on two factors: 

First, the velocity of the missile; second, the angle of incidence of 
impact. 

Where the velocity of the bullet is extreme, as at short range, the 
amount of comminution is considerable, and is greater than at long range, 
whatever the angle at which the bullet strikes the bone. 

With lowered velocity, connninution is great only when the bullet 
strikes the shaft of the bone in the median line. 

Under the condition of extreme velocity, the so-called ^'explosive" 
eflfects are produced. 

Under the condition of median impact, comminution of bone is con- 
siderable, but not so great as where the effect is explosive, unless the factors 
of high velocity and perpendicular impact combine. For these reasons, 
fractures of the first class, namely, those made by perforating bullets, may 
be divided into three subclasses, in the order of the amount of bone com- 
minution produced: 

Subclass 1 , fractures by ])erforating bullets at short range. 

Subclass 2, fractures by perforating bullets striking the bone in the 
median line. 

Subclass 3, fractures by bidlets striking the bone tangentially. 

SUBCLASS 1.— FRACTURES BY PERFORATING BULLETS AT SHORT RANGE. 

In this class there is the maximum amount of bone splintering (explo- 
sive effect), and the lateral destructive action of the bullet is so great in 
some cases that fractures are produced even when the bullet barely grazes 
the bone (Case 2). 

Much has been written of the explosive effect produced by the modern 
bullet, and many theories have been advanced to explain it. In the opinion 
of the writer, the theory which best explains this eff'ect of the bullet is that 
the destructive effect is the result of the lateral transmission of energy 
imparted to the tissues by a rapidly moving missile.^ If energy were 
transmitted only in a line directly in front of a bullet, the bullet would 
make clean-cut perforations in all organs or tissues through which it passed, 
and immediately fatal results would arise only from direct woimds of blood 
vessels, perforations of the heart, or impingement of the bullet upon some 
vital part of the central nervous system. 

^Stephennou: Wounds in War, p. 71. Now York, 1898. 

ForwotKl: Warren & Gould's International Text Book of Surgery, Vol. 11. Philadelphia, 1900. 
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The lateral transniission of the energy <>♦' the l)iillet to an extent suffi- 
cient, to cause extensive solutions of continuity occurs in marked dejrree 
only in (*ei-tuin or}»:anjs and tissues, and in these only wlien the veloeity of 
the missile is fp-eat. As this destructive effect occui-s only in (^eitiiin organs 
and tissues, it nuist follow that it is because these organs and tissues best 
transmit the energy imparted by the bullet; and, as tlie struc^turcjs whicli 
transmit this energy witli traumatic-producing violence are either cortipact 
bone, or organs containing fluid, or those ])ractically saturated with fluid, 
it seems most probable tlint this energy is transmitted in two ways — either 
through the transmission of vibration by the closely knit compact bone tissue 
or through the incom})ressible fluid in fluid-saturated or fluid-containing 
organs. In compact bone, with the missile at high velocity, by the sudden- 
ness of the shock, the bone is disrupted, and the osseous };niticles acting as 
secondary missiles, are forced outward, increas- 
ing the disruption and traumatism by lateral 
transmission of the energy imparted, (Eig. 17). 

With the bullet moving at lower vekxnty 
the shock in bone or organ is less, the disi-up- 
tion (consequently less, and with still lower 
velocity, the ball may enter and pass through 
the same tissue or organ with practically no 
lateral destru(*tive effeirt. In a broad way, the 
result may be likened to tlu^ difterence in effect 
produced by throwing a bullet into water cim- 
tained in an open leaden vessc^l orflring the bul- 
let into it. In the flrst case, the l)ullet will enter 
making slight connnoti<»n, and that mainly upon 
the surface of the water; while, if the bullet is 
fired into the water, the containing v(^ssel, even 
though oi)en at the top, will be completely 
destroyed through the lateral transmission of 
energy by the incompressible fluid. 

When the shaft of a bone is struck at short range, (extensive connninu- 
tion is ])roduced whatever the angle at whicli the bullet may impinge 
against the Ixme. The bullet in these cases i)roduces an explosive effect in 
accordance with the reasons aln^ady given, (Fig. 17). 

This eff'ect is not c<»nflned to the b<me alone; the bone fragments 
driven out into the surrounding tissues may i)rodu(*e extensive traumatisms 
of the subcutiineous soft jjarts, and may even be driven out through the 




Fkj. 17. — 1-Atcral tninHinisi^ion of 
energy in the shaft of u lonjr 
In me. Diagrammatic; nKKlitied 
from Heger. A Hiinihtr effe<'t in 
]>ro<Ui(vrI in Ihiid-eontaining ami 
flui<l-«itnrate«l urgann. 
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wound of exit and into a neighboring part. In a ca^e of this sort whicli 
came under the observation of the writer, the shaft of the femur was 
shattered for five inches of its length and largely reduced to bone sand. 
The bullet })assed through both thigh and leg, and on examining the wound 
in the latter, bone sand and several fragments of bone were found which 
had l)een cairied through the first wound of exit and driven intcf the second 
wound of entrance by the force of the missile. 

In another instance (Plate XIV), the whole of the distal part, of a 
metacarpal bone was blown out through the exit wound, which was but 
little larger than usual. 



3—1 



Ca^^f' 1. — Kvph^sire ifftvt and fracture Iry (intact, 

John T. Sullivan, private. Company F, Thirteenth United States Infantry, was 
wounded at 50O-vjinl*< mn^o by a Mauser bullet, which passed obliquely through the 

hand, fractured the third metacarpal bone by 
contact, completely destroyed the distal end of 
the fourth metacarpal bone, and carried out 
all the fragments through the exit wound. 
Though all the fragments of the fourth meta- 
carpal had been driven out through the exit 
wound, the wound was little larger than the 
wound of entrance, and only by use of the 
ROntgen ray would it have been suspected that 
the bullet had made a clean resection (Plate 
XIV). 

The hand .was dressed with the first-aid 
dressing and the patient transferred to the 
general hospital at Key West. On arrival at 
the hospital the wounds were found aseptic 
and healed quickly, but some impairment of 
function resulted, as the soldier writes in No- 
vember, 1898: ''Motion of middle, ring, and 
little fingers much restricted, especially in 
Fui. 18. — Diagram explanatory of Plate flexion.^' 
XIV. The arrow indicaten the course 

<»f the bullet. I^ the case above given, the radio- 

graph shows that the third metacarpal 
bone had been shattered by lateral contact of the bullet. The following case 
further illustrates this interesting form of fracture. In this class of cases, 
though the ball barely grazes the bone, the energy transmitted laterally 
from the swiftly moving missile is sufficient to produce marked comminution. 




PLATE XTV 



PLvTE xrv' 

rrumnr r tiiii-L i:i»: :• njrii Tif^mt'urral '^■••c»r*. T1:t L->niI end ot tlie third 
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(^a^i '2. - Fnu',Uire hy contaii j ojxrafum at field hoMp Italy supptiratvm. 

Thomas F. Cavanaugh, sorj^eant, Troop G, First United States Volunteer 
C avalrv, was wounded at a range estimated at under 400 yards by a Mauser bullet 
which passed across the front of the right forearm at its lower third, severed the 
flexor tendons, gra/.ed the periosteum of the radius, and shattered the Iwne. The 
track of the bullet was laid open at the field hospital, the tendons sutured and the 
wound united by silk sutures. The patient was transferred to the General Hospital, 
Key West. On his arrival there, pus was evScaping from between the sutures and 
the wound was tense, bulging, and much inflamed. The sutures were removed under 
anaesthesia and the wound carefully cleansed. Owing to extensive inflammation and 
suppuration, it was found impossible to unite the tendons. A radiograph (Plate XV), 
was taken which showed excellently the 
shattered condition of the radius and the 
longitudinally disposed fissures between 
the bone splinters. The wound was 
treated with antiseptic applications, but 
had not entirely healed when the ^mtient 
was transferred north, August 22, 189S. 
In November of the same year, the sol- 
dier writes that he has no use of the 
hand, the fingers remaining stiff. The 
disability is pro})ably permanent. 

SUBCLASS 2.— FRACTURES BY PERFO- 
RATING BULLETS STRIKING THE 
BONE IN THE MEDIAN LINE, 

Ca^e J, — Comminuted fracture of 
fenutr due to taedlan impact of hall; 
aneptic vxfund; recoviTy without compU- 
catnmii, 

John Robertson, second lieutenant. 
Sixth United States Infantry, wounded 
July 1, by a Mauser bullet, which entered 
the anterior surface of the right thigh 
just below Scarpa's triangle, passed from 
before backward through the fenmr, and 
passed out directly posterior. There was profuse hemorrhage, which was partly 
controlled by an improvised tourniquet applied by an officer of the line. Lieutenant 
Robertson was carried to the rear by the men of his command and while thus con- 
veyed, he was shot in the left side, the bullet entering just below the inferior angle of 
the left s<'apula, passing !)eueath the nuiscles, but not through the thoracic wall, and 
making exit just below the left nipple. With these wounds of entrance and exit, it 
was at first thought that the bullet had passed through the chest; that it did not do so 
was due to the extreme outward displacement of the angles of the scapula*, from his 
being, at the time, lifted by the armpits.' The first dressing was applied at the 
6648 7 




Fni. 19. — Diagram explanatory of Plate XVI. 
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field hoi^pitaU The fracture was dresi^d by the use of a long f^plint. Transferred 
July 11, to Third Division Hospital and two dayn later to the Rellfif. At this time, 
Ixitli rhej*t wouiidis were healed. The thigh wound>i remained aseptic, A radiograph 
showed great toiiiminution and displacement of the frEgment^a bv overlapping 
(Plate XVI). 

The fmeture wan then treated by confining the linib upon a double inclined 
planc^ consisting of a hollow^ posterior ^plint^ made of the sheath of the leaf of the 
ecK*oa palm, to which wa^^ added an unterior thigh splint of wire gauze. After 
dressing the Hmb wa.^ placed in a sling. Sub^^eijuently a Buck's extension was 
applied and finally a plaster splint The tinal result was excellent, for, though there 
was U inches shortening, the ciillus was firm (Plate XVII) j and the position and 
functional use of the limb were excellent. 

The alxjve case is very iiistnictivi*, as it illustnites tlii^ jnissibilitieK of 
eoiiser\^ative treatiiieiit in marked coiuuiioutiuu uf the shuftb of luug bones 
where the wound is aHeptie* 

Excellent examples of the eftect uf the 8iiiall caliber bullet when it 
jiasseB directly throngli the shaft of a small bone of the luind or foot are 
given in the ftdlowiug eases, with their acc^m|)aiiying radiographs : 

Case 4^ — Mauser bullet imund of ^finger ^ with cmtifxnt^hd ^fracture of atmmd 
phai^mx^ fourth finger. 

George H* De Revere, private^ Company L, Second Massachusetts Vohmteer 
Infantry, was wounded July I, at unknown range, by a Mauser bullet which passed 
obliquely through the fourth finger of the left hand, shattered the second phalanx, 
and then passed across the top of the second metacarpophalangeal joint of the middle 
finger, producing a laceimted wound of the joint. 

The patient was transferred to the general hospitah Key West, where the 
radiogmph shown in Plate XVIII was taken. The bidlet hatl passed c*mtrally 
through the finger* The wounds of entrance and exit were very snialL They had 
been dressed with a first aid dressing, were aseptic, and healed quickl)'. A jmbiiar 
splint was applied and the fra<*tnre treated as a simple one» In Noveml)er^ 1898, 
the iHitient wrote that thera was complete ankylosis of the second joint of the 
ring finger, 

Cme 5. — Gmrnhot frachwe ail metatarml bmim of foot ; mpiw wtmnd; atdi- 
a^tic treat numt ; reirrvePt/ imthfmt amputafum, 

Carl F. Meyer, private. Company D, Sixth United Statei^ Infantry, was 
wounded at about B0(» ^^ards range by a Mauser bullet, which passed transversely 
through the foot and metatarsal lK>aes from without inward- First aid dresMi ng 
was applied directly after receipt of tht> injurv. Wound redressed three days Inter, 
at which time foot was much swollen and patnfuK Patient stated that he wa*^ at 
that tiine given an aTuestlietic and that thp '* ftjot was cut/* Was transferred to the 
Jit'liif where the radiogmph (Plat** XIXJ was taken. The wounds were treated 
with antiseptic dreadings and finally healed, but impaired use of the foot lead to 
discbarge for disability. Sixteen months after the injury, the second rttdiograph 



PLATE XVI. 



PLATE XVI. 

Case 3, Section IV. — John Robertson, second lieutenant, Sixth 
United States Infantry. 

Riidiograpli of right thigh, viewed from the back, showing Mauser 
bullet fracture with extensive comminution due to vertical, median impact 
against the shaft of the femur. 
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PLATE XVII. 

Case 3, Section IV. — John Robertson, second lieutenant, Sixth 
United States Infantry. 

Radiograph of right thigh, viewed from the back, showing condition 
of the united fracture one year after receipt of the traumatism. 



PLATE XVIII. 



PLATE XVIII. 



PLATE XIX. 
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PLATE XIX. 

Case 6, Section IV. — Carl F. Meyer, private, Company D, Sixth 
United States Infantry. 

Radiographs of right foot, viewed from the plantar surface, showing 
recent and remote effects of the passage of a Mauser bullet through the 
metacarpal bones. The passage of the ball from within outward has pro- 
jected bone fragments outward, which have united with the neighboring 
bones and formed a bony bridge locking the bones together. 



GUNSHOT OF THE DIAPHYSES. 



69 



(Plate XIX) wa8 taken, and is of interest as showing the condition at that late 
date. The displaced fragments of bone had all united, forming a solid tony bridge 
binding the metatarsals together in immovable union. The occurrence of this 
result would seem to point to the desirability of thoroughl}^ cleaning the wound of 
all bone fmgments in these cases in order to prevent the impaired function which 
is bound to occur in the hand or foot as a result of the osseous union of the displaced 
fragments. — Cane rep4nivdhy Maj, Loul^ A, L<iGar(l4\ Hurgeoii^ U. S, A, 



SUBCLASS :^.— FRACTUR^>^ BY BULLETS STRlKINi; THE BONE TANGENTIALLY. 

Where the velocity of the bullet is somewhat diminished, and it strikes 
a bone tangentially, the amount of commiimtion is not as great as when 
the ball is at high velocity or the impact is medium and direct. 

When the impact is to one side of the 

median line of the bone, the splintering is 

greatest on the side struck, and is generally 

confined to that side. 

I. 

Case 6. — (Jbliqm fracture of Tadiun; wound 

explored at field hoapUal; mjypuration ; antiseptic 
treatment^ recm^ery, 

John Brown, private, Troop C, Tenth United 
States Cavalry, was wounded July 1, at 200 yards 
range, by a Mauser bullet which passed from be- 
fore backward through the forearm, fracturing the 
radius. 

He was transferred to the general hospital, 
Key West, where he arrived five days after the 
receipt of the injury. On examination, the wound 
of entrance was seen to have been enlarged by in- 
cision, and the patient stated that it had been oper- 
ated on at the field hospital, but did not know what 
had been done. The wound was suppurating, there 
was no union, and there was marked tension on the 
stitc^hes. The wound was laid open under anaes- 
thesia, thoroughly cleansed, a fragment of bone 
7 cm. long and 2 cm. wide, was removed, and an 
iodoform gauze drain was inserted. With the finger 
in the wound, it was found that best apposition was 
obtained when the forearm was fully extended and pronated. A long posterior 
splint was applied to the arm, holding it in that position, after which, examination 
with the fluoroscope demonstrated that the bones were held in correct position. A 
i*adiograph taken at this time shows the position of the bones after the splint was 
applied, the oblique form of fracture, the loss of bone sustained by removal of the 
fragment, and that the bullet had passed through the radius at its outer side (Plate 
XX). 




Fig. 20. — Diagram explanatory 
Plate XX. a, Place of impact 
bullet; 6, site of removed bone 
fragment. 
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There was no inflammatory reaction or rise of temperature following the 
operation. The wound was flushed daily with hydrogen peroxide and normal salt 
solution, and was entirely closed with firm callus at the seat of the fracture, August 
16, when he was transferred to the transport San Marcus. January 4, his attending 
surgeon reports: 

^'The removed bone seems to have been largely replaced and the hand and forearm 
present a good form. The joints are freely movable, passively and actively, but all 
motions are feeble. The hand hangs semiflexed on the wrist. Adduction, abduction, 
flexion, extension, circumduction, pronation and suppination are present on voluntary 
effort, but all are feeble. Flexion of the fingers is limited to the second and third 
joints; the grasp is very feeble. The thumb can be approximated to each of the 
fingers suflSciently to pick up a pencil, but there is little power in it. The hand Is 
relatively of little use, absolutely of considerable." The patient has since been dis- 
charged for disability and admitted to the Soldiers' Home at Washington, D. C. 

The above case is of interest from its excellent progress under antiseptic 
treatment. As the wound was infected, this case would formerly have 
required amputation, but as it is, the arm, while disabled, is reported to be 
of considerable use; certainly better than no arm at all. As the bones 
united firmly, the resulting disability is probably mainly due to the injurj^ 
to the soft parts. 

Case 7. — Incomplete fracture of radius; aseptic wound; resulting impaired motion 
due to cicatrix, 

Dennis B. Watson, private, Troop C, First United States Cavalry, was wounded 
July 1, at 800 yards, by a Mauser bullet which passed from behind forward through 
the outer side of the right foreaim, fracturing the radius. 

The wound was dressed with the first-aid dressing. Splints were applied and 
the patient transferred by .the steamer Iroqxum to the general hospital at Key West. 
On his arrival the wounds were aseptic and quickly healed. A radiograph was taken 
which showed an incomplete fracture with right-angled displacement of a fragment 
of l)one (Plate XXI). 

As the displacement was outward, it was thought that the rotation of the radius 
would not be interfered with, and that the fragment could be removed later if neces- 
sary. The patient was furloughed August 7, at which time, though motion of the 
forearm was limited, there seemed to be every indication that its full use would be 
restored. Such did not prove to be the case, as his attending surgeon in November 
wrote: '* Soldier has not full use of the arm and has been recommended for discharge 
on surgeon's certificate of disability."" 

The patient was afterwai-ds discharged for disability and entered the Soldiers' 
Home, Washington, D. C, where recent examination of the case shows that the 
impaired motion is due to the injury of the soft parts and resulting formation of 
eicitricial tissue in the track of the ball. 
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PLATE XX. 

* 

Case 6, Section IV. — John Brown, private, Troop C, Tenth United 
States Cavalry. 

Radiograph of left forearm, viewed from the posterior surface, forearm 
supinated, showing effect of the passage of a Mauser bullet through the 
side of the shaft of the radius. The comminution is not extensive, one 
fragment of bone only having been separated from the shaft at its outer 
side. 
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Case 7, Section IV. — Dennis B. Watson, private, Troop C, First United 
States Cavalry. 

Radiograph of right forearm, viewed from the posterior surface, 
forearm pronated, showing incomplete fracture and right angled displace- 
ment of a bone fragment from passage of a Mauser bullet throilgh the outer 
side of radius. 
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PLATE XXII. 

Case 8, Section IV. — Albert B. Swift, private, Company H, Tenth 
United States Cavalry. 

Radiograph of upper part of arm, viewed from the back, showing 
long, oblique fracture with no comminution, produced by Mauser bullet 
which struck the shaft of the humerus at its outer side. 



' PLATE XXIII. 

Case 9, Section IV. — Frank J. Kraus, private, Company B, Six- 
teenth United States Infantn\ 

Radiogi'aph of the lower part of the right thigh, viewed from the pos- 
terior surface, showing an obHque fracture of the femur by a penetrating, 
Mauser bullet. The bullet is seen behind the inner condyle lying butt end 
foremost. 
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Can*' S. — Ohf!tjK4' fnicfur*' of hiiiiirrux from fanffHifinI hn pact of hall ; (iHrpflr 
wound, 

AU)ert B. Swift, private*. Company II, Tenth Cavalry, was twice wounded 
July 1. One bullet pa8sed through the ulna at lower third, shattering the lK)ne, and 
a resection was made at the field hospitiil. The second bullet passed from before 
})ackward through the arm at the upper third, striking the humerus at its outer 
side and producing a long, oblique fracture with no comminution (Plate XXII). 
The arm was immobilized and union occurred without trouble. Discharge foUow^ed 
for disability resulting from the injury to th«* ulna. — CaMt^ histonj nniipthd from 
recffrdx In Surgeim- GHirraFx Oj/fn\ 

CLASS 2.— FRACTURES BY UNDEFORMED BULLETS HAVING SUFFICIENT 
VELOCITY TO PENETRATE ONLY. 

Fractures by bullets liaAnng greatly reduced velocity are usually 
characterized by small amount of bone splintering. The fractures closely 
resemble the simpler fonns of fracture produced by indire(*t violence, and 
this, apparently, whether the bullet passes through the bone or fractures it 
by impact. 

('iiMf' 9, -FravtHrc of fomtr Inj rlvocln^ hill^ r)itrn7ig hutt end jforennMt ; HHvptlc 
wound, 

Frank J. Kraus, private, Company B, Sixteenth Fnited States Infantry, was 
wounded July l,at a supposed range of o()0 yards })y a Mauser bullet, which entered 
the body just to the right of the tip of the coccyx. The wound was dressed and the 
patient transferred to the Reliefs where a radiograph was taken. The radiograph 
(Plate XXIII), showed an uncomminuted o})lique fracture of the right femur in the 
lower third, and the bullet lodged, butt end foremost just behind the inner condyle. 
The line of fracture was from above downward and from behind forward, and had 
apparently been made by the bullet impinging against the bone. Recovery was 
uneventful, but the limb was shortened 2 inches, and the soldier was finally dis- 
charged for disability. — Cant' /itt<tory aunpiled frotn rrctyi^d^ *n Sunjeon-Generarii 
Office. 

Cane 10, — Friuinre of hnmrrun hy iinjxwt of 3fauser hidht; aseptic wound; 
reanlthiij diHahUity, 

Clarence Reed, private. Company H, Tenth United States Infantry, July 1, erect 
position, 600 yards from firing line, received two gunshot wounds. He was trans- 
ferred to the Beliefs where the following wounds were found: One, a flesh wound, per- 
forating right arm, producing paralysis of the arm; the other, an entrance wound over 
third rib, anterior part of thorax, was lacerated, triangular in shape, base toward 
right side, about 1 inch wide at base and 2 inches long. Left arm showed extravasa- 
tion from clavicle down to wrist. Oblique fracture of upp(M* part of humerus. 
Radiograph (Plate XXIV) shows Mauser bullet close to inner side of humerus at 
point of fracture, entrance evidently right anterior surface of thorax. July 12, 
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angular splint of palm bark applied, extending from shoulder to wrist. Radiograph 
showed no other bullets, and position of splint very good. July 23, wounds healed. 
Considerable callus about fracture and partial union. 

November 17, 1899, discharged on surgeon's certificate of disability for *' motor 
and sensory paralysis and trophic changes." — Ca^e history compiled from hospital 
records of hospital ship Relief and records of the Surgeon^ GeneraT s Office* 

In the above case, the bullet must have traversed the anterior thoracic 
v^all and entered the ami behind the axillary folds, struck the humerus on its 
inner side, and fractured it. The utter impossibility of locating this bullet 
by means of a probe is evident. 

Case 11, — Fracture of ulna with moderate confiminution hy penetrating Mavser 
Indlet; aseptic wound ^ Indlet located hy Rontgen ray and removed, 

John Casey, private, Company C, Thirteenth United States Infantry, was 
wounded July 1, at an estimated range of 400 yards, by a penetrating Mauser bullet, 
which entered the posterior and outer aspect of the forearm at the lower third. The 
wound was dressed with a first-aid dressing and the patient transferred to the general 
hospital at Key West. Examined there July 6; wound small and aseptic. Fracture of 
ulna at middle third. Examined with the fluoroscope, but the static machine from the 
excessive dampness of the atmosphere was not working well, and what was thought 
to be a bullet was dimly seen directly over the fracture. This was cut down upon, 
July 9, under aseptic precautions, when the supposed bullet was found to be a frag- 
ment of bone. This was removed and the ^ound healed by first intention. Subse- 
quent search, with better light, showed the bullet lodged, butt end foremost, near 
the internal condyle of the humerus beneath the flexor profundes digitorum. It was 
removed July 28. The ball had evidently ricochetted, turned end for end, and with 
reduced velocity entered the arm and passed through the ulna. The ulna was broken 
transversely and some small fragments of bone separated (Plate XXV). 

CLASS 3.— FRACTURES BY PENETRATING, DEFORMED BULLETS. 

Penetrating, deformed bullets appear to produce fractures of the shaft 
of the long bones which are similar in form to those produced by unde- 
formed bullets, unless the deformation of the bullet is excessive. Like the 
penetrating, undeformed bullets, slightly deformed bullets produce oblique 
fractures with little splintering, while greatly deformed and mushroomed 
bullets produce marked comminution of the bone. 

Case 12. — Cortiminuted fracture of ftfmur by Mauser hrdlet '^ mushroomed'*'* by 
ricochet ; houfragmeiits n^ofn^ed ; wound treated ant ! sept ically ; reanjery without 
amputatttot, 

Daniel J. (rraves, private, Company M, Eleventh United States Infantry, was 
wounded at Maya^uez, P. R., August 10, 1898. Wound of entrance, inner side, 
lower third, right thigh. Fenmr fractured; no wound of exit. Patient was trans- 
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PLATE XXIV. 

r^ASE 10, Section IV. — Clarence Keed, private, Company H, Tenth 
United States Infantry. 

Rmliof^apli of proximal part of the left humerus, viewed from the 
back, showinff fnicture of the humerus produced by impact of a penetrating 
Mauser bullet against the inner side of the bone. The bullet, which has 
J>een turned by the impac^t, is seen lying against the imier side of the 
humerus. 
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PLATE XXV. 

Case 11, Section IV. — ^.Jolm Casey, private, Company C, Thirteenth 
United States Infantry. 

Radiograph of riglit forearm, viewed from the anterior surface, showing 
fracture of the uhia by a penetrating, Mauser bullet. The comminution is 
moderate and does not extend far from the line of fracture. 
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PLATE XXVI. 

Case 12, Section IV.— Daniel J. Graves, private, Company M, Elev- 
enth United States Infantry. 

Radiograph of right thigh, viewed from the back, showing extensively 
comminuted fracture of the femur by a penetrating, Mauser bullet mush- 
roomed by ricochet. The bullet is seen lying at the outer side of the bone 
through which it has passed. 
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PLATE XXVII. 

Photograph of bone fragments, natural size, in the case of Daniel J. 
Graves, private, Company M, Eleventh United States Infantry. 
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fcrred to E<llrt\ whon^ nidioj^raph (Plato XXVJ) showed frat'turo l)v a mushroomed 
bullet; comminution great. 

The bullet had passed through the l)oii(» and lay on the outer side of tln^ femur 
13 cm. above condyle. August IS, the l)ullet (No. S, Plate II) and sevenil fragments 
of bone were removed through an incision made on the outer side of the thigh. 
The fragments removed are shown in Plate XXVII, and this, with the radiograph, 
shows the greiit amount of bone splintei'ing which occurs in fracture hy a mush- 
roomed bullet. A plaster splint was applied. The patient was transferred from the 




^i^ (imminuttd fractu 



odytl deformed 



Kici. 21. Diagram explanatory of Plato XXVI. 



E*n if to the Long Island College Hospital. He finally r(»covered with 2J inches 
shortening of the liml), and was discharged for disability. — Ctt^r hiHtonj from 
reci>r(h /// the Stfr(/(on-(rf/?ic7'(fPf< Ojficr, 

The following c^ase is of interest in that the femur was badly shattered 
and two defonned bullets were embedded in the limb. One bullet was a 
Mauser (No. 6, Plate II); the other the lead core of a brass-jacketed bullet 
from which the jacket had been toni by ricocdiet. Whether the fracture 
was made by one or both bullets it was inmossible to determine. 
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Case 13, — Multiple wmmd of thigh; two hvlletH h>dged; infect ior^,' ainputa- 
t/lon; recovery, 

George Parker, corporal, Company E, Twenty -fourth United States Infantry, 
was wounded July 1. Transferred to the Relief where the radiograph shown in 
Plate XXVIII was taken, and from the Relief was transferred to the Long Island 
College Hospital. 

History at hospital as follows: Two wounds of entrance on outer surface of 
right thigh at junction of middle and lower thirds; no wound of exit. Wound 
about the size of a quarter, granulating, but secreting a large quantity of sero- 
purulent fluid, and by compression along definite track, pus discharged in large 
quantities; small sinus leading to seat of fracture discovered; knee joint contained 
considerable fluid; thigh swollen. Temperature, 100° to 102° F. Intellection 
impaired! ; circulation feeble. 

August 9, 1898, operation by Dr. Delatour. Amputation by transfixing in 
middle of third of thigh. Pocket of pus found on outer side of posterior flap. All 
wounds freely bathed in pus. Sutures applied along inner and outer side of flaps 
and partially on anterior border. Drained with tubes in pocket of pus in posterior 
flaps and gauze in the other portion. Mauser bullet (No. 6, Plate II), found in leg 
just behind head of tibia in one-half ounce of pus. In lower third of thigh, just 
above condyles and outer surface, a second flattened bullet (No. 2, Plate IX). 
Femur at point of fracture badly comminuted. Above point of amputation, bone 
apparently sound, flaps congested. Septic temperature appeared soon after the 
operation and the sutures were removed to secure free drainage. Sinus was found 
between the flaps and running up beside the femur 5 inches. This closed in few 
days, the flaps granulated and were enfolded by the contrac^ting cicatrix. The 
patient was delirious for two weeks following operation, but recovered from this 
completely. 

Treatment of wound: Cleansing with solution of bi- 
chloride of mercury, application of sterile gauze dressing, 
adhesive straps used to approximate the flaps. On dis- 
charge, a dean granulating surface remains 3 inches long 
and \\ inches wide, situated^on the posterior flap at its 
junction with the anterior. 

November 25, patient discharged from hospital; gen- 
eral condition, veiy good. — Case history frtyin Lotuj Island 
College Hospital,, Brooklyn^ N, Y. 

In the following case a brass-jacketed bullet 
ricoclietted, penetrated the leg, and made a long, 
oblique, fissured fracture of the tibia. 

(h^e H, — Obliqi(f> fracture of tibia by lodged, hrass- 
jacketed hull^t; supp^iratum, 

John A. Baronoski, private, Company C, fiighth 

United States Infantry, wounded at 300 yards range by a 

brass- jacketed Imllet (No. 3, Plate IX). 

The bullet entered at the internal surface, lower third of the left leg, passed 

through the bone, and lodged in the tissues on the outer side. The bullet was 




Fig. 22. — Diagram ex])lan- 
atory of Plate XXIX. 
a, Oblique f nurture; 6, 
fragment of mantle of 
bullet. 
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PLATE XXVIll. 

Case 13, Section IV. — George Parker, corporal, Company E, Twenty- 
fourth United States Infantry. 

Radiograph of lower part of right thigh, viewed from the back, show- 
ing a much-comminuted fracture, two lodged bullets, and a fragment of 
metal. One missile is the nmch-deformed, lead core of a brass-jacketed 
bullet; the other a deformed, Mauser bullet. It is not known by which 
missile the fracture was made. 
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Case 14, Section IV. — John A. Baronoski, private, Company C, Eighth 
United States Infantry. 

Radiograph of left leg, viewed from the front, showing long, oblique 
fracture of the tibia, made by a brass-jacketed bullet, a fragment of the 
mantle of which is lying at the side of the fibula. 
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removed at the field hospital and the leg put up in plaster. Suppuration supervened, 
and the patient was transferred to the Rdlef^ where the Itontgen ray showed a piece 
of the jacket of the Imllet still in the tissues, and that the ball had produced a long, 
oblique fracture, extending upward from the point of impact of the bullet nearly to 
the condyles of the tibia (Plate XXIX). — Cumc hlxtf/ry eompHi-d frotn /vyv;/y/^ In 
tlw SurgHm-GpiieraPH Office, 

CLINICAL CONCLUSIONS. 

Consideration of g^unshot traumatisms of tho shaft of lonp^ bones, as 
shown by the Rontgen ray in connection with the ultimate outcome of 
the cases, points indubitably to the conclusion, that infection, or noninfec- 
tion of the wound should influence treatment, rather than the amount or 
extent of bone comminution. 

In noninfected wounds, extensive comminution is not, as a nile, an 
indication for operative interference of any kind. Occlusive cb-essings and 
innnobilization give assurance of the best possible results. Where there 
is considerable commiimtion, shortening of the limb will probably occur as a 
result of the comminution and the displacement of the bone fragments. But 
excellent functional use of the limb may be rest(^red, unless the lesion of 
the soft parts is extensive and motion is restricted by the formation of 
cicatricial connective tissue in the traumatic spaces. 

Wliere infection exists, removal of the cause under aseptic or antisep- 
tic precautions is indicated. In such cases, complete cleansing of the wound 
and removal of all loose bone fnigments, followed by drainage and anti- 
septic dressings and irrigation, will usually suffice, and excision or am])Utation 
will only have to be resorted to in extreme cases. 



GUNSHOT FRACTURES OF THE EXTREMITIES OF LONG BONES 
AND OF CANCELLOUS BONES GENERALLY. 

GUNSHOT OF THE EPIPHYSES. 

Roiitgen ray examinations have demonstrated that the effect of the mod- 
em small-caliber, jacketed projectile on the extremities of long bones is mark- 
edly different from its effect on the shaft This is undoubtedly due U) the 
diflFerence in the structure of those parts of the bone. In the shaft, compact 
tissue predominates, and this dense tissue transmits the vibrations produced 
by the impact of the bullet more readily than the less dense tissue of the 
extremities, where the loosely knit cancellous tissue forms the main part of 
the bone. In compact tissue, the vibrations set up by the bullet are trans- 
mitted with enough force to cause molecular \'ibrations sufficient to produce 
solutions of continuity at some distance from the point of impact of the 
missile. In cancellous tissue, the forcible vibrati(ms, from the nature of the 
tissue, are transmitted but a short distance and, in consequence, solutions of 
continuity take place only within a comparatively short distance from the 
point of impact. As the amount of destruction in the shaft depends upon 
the conditions of impact, so in the extremities, the amount of injury done by 
the ball varies, but to a nmch less degree than in the shaft. The comminu- 
tion is never as great and, frequently, the ball simply channels the bone, 
or, when nearly spent, embeds itself without producing any splintering or 
comminution. 

Ca^e 1, — Mauaer huUet h}d(/e(l huft-etul forfinf^Hf In fth!a ; hdlef located hy 
Ri/ntgen ray and removed, 

John J. L. Taylor, private, Company E, Tenth ITnited States Cavalry, July 1, 
1898, occupying a prone position about 500 yards from opposite tiring line, received 
perforating wound right ankle, al)out 3 inches alwvc internal malleolus. Entrance 
wound punctured. No wound of exit. Considei'al)le (i*dema and ccchymosis about 
ankle joint; movement of joint very painful. ROntgen-my picture (Plate XXX) 
shows the bullet cml)cdded in the bony part of the internal malleolus, apex pro- 
truding, soldier evidently having been exposed to ricochet tiring. 

July 12: Opi'ration. Incision made 2 inches long directly over internal 
malleolus ; skin and subcutaneous tissue divided and l)ullet felt distinctly by finger. 
Soft parts separated by blunt dissection and bullet exposed, firmly embedded in 
bone. Only with greatest difficulty and by using lion forceps could missile be 
moved. It proved to be a Mauser. The cavity in the bone was perfectly smooth, 
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PLATE XXX. 

Case I, Section V.— John J. L. Taylor, jn-ivate, Company E, Tenth 
United States Cavahy. 

Kadiof^raph sliowing Mauser bullet embedded, butt-end foremost, in the 
lower end of the tibia, with no s[)lintering of the biaie. 
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PLATE XXXI. 

Case 2, Section V. — Daniel B. Rayinoud, private, Company T), Six- 
teentli United Stiites Infantry. 

Radiograph showing shrapnel bullet with small fragments of bone 
about it, lying in the thigh behind the femur, through which it passed, 
making a clean-cut hole. The shadows near the femur are from the iodo- 
form dressing. A safety pin in the dressings is outlined on the femur. 
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as if drill had been used. No .splintering^ of bono. Wound was cleansed with weak 
solution of bichloride of mercury and skin brought together by deep silkworm-gut 
sutures. 

July 14, primary union; pain and (edema having disappeared. 

July 22, a slight discharg(* of puiulent material. Wound opened at uppc^r part 
and iodoform gauze introduced. No (edcMua about ankle. No pain. 

July 24, wound clear. 

ffuly 2(), transferred. — Cosr hisfori/ from hosjHUfI shijf Ril'tef. 

Tliat tlu^ slow-moving, lead hullet can at times produce a (dean perfora- 
tion of the extremitv of a hone is shown h\' the following* case: 

Va^Hi' ^. — Prrforatii^i of loirt r ,ud of fruifir In/ a shrajmil hull ; n-siptk' wound; 
inisfiflr located hy Roiitgm ray and rrmortd. 

Daniel B. Raymond, private. Company 1), SixtecMith hifantry, was wounded 
July 1. Entrance wound small, dressed with first aid dressing. Transferred to 
RMcf. where radiograph was taken whit*h showed that the missile was a shrapnel 
(Plate XXXI). 

Transferred to Long Island College Hospitid where the following history is 
given: The bullet entered th«* thigh at the lower third, and by Rontgen ray was shown 
to be located ])ehind the head of the tibia. An incision was made over the point 
indicated in the picture and the bullet was found with several small fragments of 
bone it had pushed before it. In the condyle of the femur was a round, clean-cut 
hole extending completely through the iionc. A small amount of turlud fluid was 
found at the site of the bullet. The wound was closed without drainage. Complete 
recovery resulted.— -^W.vr history from hoHpHid xlup Iirll*f and Linaj Island Coll eye 
IIoHjutid, 

Cases hke the above are probably comparatively unconniion, as the 
lower end of the shaft of the femur is composed of quite compact tissue and 
is usually completely fractured or splintered. Perforation of the up])er end 
of the fenun-, without fracture or connninution, is probably much more 
eonnnon. The following case and radiograph show the small amount of 
comminution produced by a Mauser bullet i)assing through the fennu* in 
the region of the great trochanter. From the conflicting evi(lenc(» it is 
probable that the fracture produced by the ball was not complete at first, 
but afterw ards became so. 

Case 3. — Mangier halht fracture <f upper e.vt rem It y if femur: abound ai<ej>ticy 
recorrry a^ltta>ut (unputatlon. 

Theodore \Vint, major Tenth United States Cavalry, July 1, 1898, before 
Santiago, San Juan Hill, shot in left thigh from before backward, Mauser striking 
cover of small morocco pocket ])ook, which it pierced; ball did not pass out of 
trousers behind after having cut through the thigh. Line of Hight was at an angle 
to surface of thigh, so that entrance was larger than exit wound. Direction of 
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passage through the thigh was from within and ])elow, upward and outward. At 
time of being struck, felt shock, but was not knocked dow^n. On turning about to 
pick up a pipesteni, fell to the ground and called for assistance, and to be dmwn out 
of line of fire below the hill- crest. A surgeon at once dressed the wound tempo- 
rarily and applied splints from above the hip at the loin to the ankle outside, and 
inside from the crotch to the ankle. Fracture was diagnosed. After a])out one 
hour, a stretcher was improvised and the patient was carried to a dressing station 
about three-quarters of a mile to the rear. No dressing was done here and the splint 
was not disturbed. The same night, he was transported on a stretcher to the field 
hospital, where, about 1 a. m. July 2, the wound was dressed and the leg was again 
examined and fi*acture diagnosed by a second surgeon. The splints were reapplied 
and left on for about two days and the patient given a cot under a tent fly. Then 
another examination was made and the thigh bone pronounced not fractured by a 

third surgeon. The splints were removed. 
The patient was entirelv unable to use or 
flex the thigh. 

July 10, splints were put on and, in an 
ambulance, the patient was taken about 7 
miles over a very rough road to Siboney. 

July 11, he was transferred to the 
Relief, 

July 12 or 13, splints were removed, 
plaster sti'apping applied, l>ed provided, and 
July 21 , start for the north was made. The 
wounds were dressed several times at the 
field hospital and three times on board the 
vessel. Course of wounds normal, with- 
out suppuration or inflanunatiou. Never 
probed. 

Dr. Senn also made an examination of 
the thigh upon the occasion referred to 
above, at the field hospital, and corrol)onited the diagnosis of no fracture. On the 
hospital ship Relief a radiograph (Plate XXXII) was taken. 

This I'adiogi'aph plainly shows a fnicture with displacement, but the attending 
surgeon either misinterpreted the picture or from reliance on other symptoms or 
opinions, corroborated the diagnosis of no fracture. Patient admitted to New York 
Hospital with no splint; strip of adhesive plaster around body over great trochanter. 
In this hospital, fluoroscopic examination showed an oblique fracture through th(» 
base of the neck and part of the great trochanter, with abundant callus and mucli 
displacement. 

Physical examination: Leg flexed and everted and shortened al)out 2i inches. 
Wound of exit closed; of entrance, on anterior region of thigh, still suppurating 
slightly. Movements painful. No crepitation, no false motion. Abrasion at knee. 
Considerable swelling and tenderness around the joint. 

Physical examination on discharge, September 11», 18i*S : Pnvssure over great 
trochanter gives little or no pain. Movement of thigh up to 45 degrees; shortening 




Fio. 23. — Diagram explanatory of Plate XXXII 
«, Place of i)af^8age of bullet. 
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PLATE XXXll. 

('ase f), Section V. — Theodore J. Wiut, major, Tenth Cavalry. 

Kadiogi'aph of the upper part of the left thigh, viewed from the back, 
showing Mauser bullet fracture of the femur in the neighborhood of the 
intertrochanteric line. There a])pears to be ccmsiderable loss of bone 
substance in the neighborhood of the great trochanter, and an oV>lique 
fracture with no Assuring. It is probable that the ball perforated the 
bone and so weakened it that it afterwards fractured. 
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PLATE XXXI II. 

Plate XXXIII, Section V. — Earnest Knowles, private, (Company 1>, 
Twenty-firHt United States Infantry. 

Racliojjrraphs of left knee, viewed from the inner side, and from the back, 
sliowing Remington bullet which has passed downward, backward, and 
inward and lodged in the upper part of the tibia. 



OrNSHOT OK THE EPIPHYSES. 79 

of one-half inch. Knor stiil siij^htly swoHen. somewhat .stiff. Imt flexion still 
gradually increasing. Crutches on September i\. Can l)ear some weight on injured 
leg. — ( '(f^(' A/,v/<//v/ com pU id from n^conls in Sn/ufrfttt-irtneroPs Office, 

On account nf its cancellous structure, the uj)j)er end of the tibia is 
frequently |)ierce(l witliout conuninution or conijdete fracture. The two 
following cases are of interest in tliat, in eacli case, the missile wounded the 
kneejoint an<l |)asse<l from above downward into tlie til)ia without })roducing 
any destruction of bone other than clean ))enetration. 

Case Jf,, — Wo*unl of hiorjoiiit ; jurforatirm uf filpio; ((.stpfic fC(nnul; recovery 
witJiaut complication^, 

Lewis Gruner, private, C'ompany E, Sixteenth Tnited States Infantry, wounded 
by a Mauser bullet at San Juan, July ;^, ISUS, distance unknown. Projectil<M»ntered 
outer aspect, right kneejoint, }>etw(»en the outer condyle and head of til)ia, and ranging 
downward and inward through the head of the tibia, it emerged at the inner side of the 
leg 2 cm. l)elow the head of the til)ia. The limb was placed on a posterior splint. 
Was sent to the l)ase hospital at Siboney, July 10. 

Examination February 4, 1900: The wound of entrance is marked by a round 
scar the size of the projectile; the exit wound by a scar a trifle larger. Flexion of 
knee somewhat impaired. Radiograph shows slight exostosis on inner surface of 
tibia at site of exit of l>ullet, probably due to callus formed about small specula 
of bone displaced outward from exit wound in lK)ne.^ — Caxr kinfory hy Maj, Louis A, 
LaOard^,, Sunpon. United States Army. 

The next case illustrates how a bullet of large caliber may penetrate 
the upper end of the tibia without j)roducing any fracture beyond the direct 
line of its course. It also shows the good result which may be obtained in 
gunshot wound of tlu* knee, even when made by a large, ricochetted missile, 
the good result undoubtedly being due to the contiinied antiseptic treatment 
employed. 

Cased, — (jHiisfiot of kioe hy riciH'Jot Remiiajton,, caliber .4^, 'with pout rati (rn ({f 
fihia. 

Earnest Knowles, private. Company D, Twenty-first United States Infantry, 
was wounded October 23, 180U, at San Cristobal, Calamba, P. I., at about 250 yards 
range by aliemington l>ullet. He was kneeling at the time and the bullet struck the 
ground just in front of his left knee, ricochetted, passed through khaki trousei-s, 
apparently without causing loss of substance of the latter, and struck the knee in 
front of the external condyle of the fenuu*, grazed that })one, passed through the 
joint and downw^ard, inward, and })ackward into the upper end of the tibia. A 
first-aid dressing was immediately applied and the patient transported to hospital. 
The external wound was so large that two fingers could easily be inserted into it. 
The wound was cleaned, drained, and irrigati»d with antiseptic solution. Healing 
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was complete in about seven weeks. Soldier was discharged for disability on account 
of impaired motion of the joint, and he entered the Soldiers' Home, Washington, D. C. 
Radiograph taken May 14, 1900, shows large bullet lodged in upper and l)ack 
part of tibia (Plate XXXIII). From this localization, the bullet was subsequently 
removed from the body of the bone by Maj. Louis A. LaGarde, Surgeon, United 
States Army. 

In the next case, the radiog-raj)!!, though not taken until six nuniths 
after the receipt of the injury, clearly shows the ])erforation nuide by the 
bullet (Plate XXXIV). The radiogi-apli indicates tliat the fracture was 
not complete, though the j)atient stated that he could feel the bony frag- 
ments move on each other when jjressure was made near the wound at the 
time of the injury. The short range at which the wound was inflicted, U) 
feet, would give the maximuni of destructive effect in osseous tissue, and 
that the comminuti(m was not greater must be ascribed to the looseness with 
which the bony tissue is knit in the upi)er part of the tibia. 

Ca^'<e 6. — IWf oration of tlhia hy Kr<ni-Jorijrni<( n at ahort raiaj*. 

Private Wesley Kibby, Company H. Twenty-fourth Infantry, while on duty 
at Presidio, Cal., June 25, 181M», was accidently shot by a comrade. Distance was 
not over 10 feet. Bullet was a Krag-JOrgensen. Entered left tibia 4 cm. below 
patella, and emerged from most prominent portion of calf, below bend of knee. 

Examination February 4, 1900: Wound of entrance, transverse oval, 1 by }cm. 
Wound of exit, oval, puckered, retracted, )>> by 1 cm. The man says that he could 
feel the bony fragments move on each other when pressure was made near wound. 

Treatment: Dressing and inimol)ilization; wounds healed in three weeks; able 
to walk in eight weeks with aid of cane; left ankle and foot remained weak, and sole 
of foot felt numb, with occasional needle-like pains shooting through it. He has 
weakness of all nuiscles of posterior aspect of leg; also of extensor hallucis, and loss 
of sensation over anterior two-thirds of plantar surface of foot. Some stiffness of 
foot and ankle still present, and he is unable to walk without aid of a cane. — Case 
history hy Maj, Louis A, LaGardt,, fotrr/co/K Vnitid Sfatr^s Army. 

The small amount of conmiinution produced by the Mauser bullet in 
passing through the extremities of the bones of the arm and forearm is shown 
in the following cases. 

Case 7. — Separation ({f olecranon hy hulltt trit/toat connninution, 
Theodore H. Lu))old, private, Company I, Sixteenth Peimsylvania Volunteer 
Infantry, was shot while retreating during the skirmish near Guayamo, August i». 
The bullet entered the i-ight arm al)<)V(» the oh'eranon process and emerged from the 
extensor side of the fon^arm })etween the radius and the ulna. The ROntgen my 
reveals the presence of a fragment of the })ullet, or its mantle, lodged in the wound, 
and that the olecranon was sepanited from tlie shaft without eonnninution (Plate 
XXXV). — Case history from records in Stin/rtPii-ijvncrars Ojficc, 
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Plate XXXIV, Section V. — Wesley Kibby, private, Company H, 
'rwenty-fourth United States Infantry. 

Radiograph of left knee, viewed from the back, showing perforation (^f 
upper end of tibia, made by Krag-Jorgensen at short range. 
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Case 3, Section V. — Theodore H. Lubold, Oompaiiy I, Sixteenth 
Pennsylvania Volunteer Infantry. 

Radiograi)h of right elbow, viewed from its inner side, showing separa- 
tion of the olecranon with no Assuring of the fragments, and a «mall frag- 
ment of metal lower down in the forearm. 
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PLATE XXXVT. 

Case 6, Section V. — Horace K. Devereaux, Hentonant, First United 
States ('avalry. 

Radiojrraphs showing fracture of the lower end of tlie radius by a 
lodged Mauser l)ullet. There is separation of (juite a large external frag- 
ment, but the comminution does not extend up the shaft. The bullet has 
been displaced by the flexor tendons and is seen lying point upward in 
front (►f the radius. From its position, it is probable that it entered the part, 
butt (*nd foremost. 
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of frnctur*' of nhiif1 (fhinh\ 

Riilph Barknmii, privute, Coinpany K, Stvoiul Massucliusrtt.s Volunteer Infantry, 
was twice wounded at Si)K)ney, Cuba, July 1, iStM*. One bullet enten»d the left lejr; 
the other passes! through the low(»r third of the left arm. The patient was tnms- 
ferred to the /iV//r/', where a radiograph was taken which showed that the outer 
condyle was sepanited from the shaft, hut that tlH»n» was no splint4*ring of the lH)ne 
extending up the shaft. The patient was transferred to St. l*eter's ITos])ital, Brook- 
lyn, N. Y., and discharged from there July 29, 18iM», "cured/' — Conr hiniory from 
recoynls in Sn lUj^m- (Tt'r\rrnV h Oj^rr, 

In the following case of fracture of the distal end of the radius, the 
bullet was probably traveling at low velocity, and entered the ])ai-t, butt end 
foremost. The amount of comminution was not gn^at, 
the fracture being mainly the separation of a rather large 
external fragment. 

Ca^e 9, — Fr*ivttir*' oflmner rnd tf rudnin hy MnuHcr hvUrf; 
!iiftct!on (f *ruinid; lortdiznfHtii of Inillrf hy Ki/ntgen /Y/y, (Uiil 
Tt^movdl : nnffx*pt!r frttiftumf; muH^rry irtfhonf nmpiifafion, 

Horace K. Devereaux, lieutenant. First L'nited States Vol- 
unteer Cavalry, was wounded June 27, at 2<K> yards, by a Maaser 
bullet, which entered the dorsal aspect of the left forearm over 
the ulna. A first-aid dressing was applied twenty miiuites after 
the receipt of the injury. The patient was transferred north 
on the Oltrrffr and entered Roosevelt Hospital, where he came 
under the care of Dr. Ro))ert Abbe, who radiographed the fore- 
arm (Plate XXXVI). 

At that time, the foreann was in a condition of diffuse cellu- 
lits and s!ippuration, the wound having ))een infected. Dr. AbbT* 
remov(»d the biillet July 18, and the <ase progressed to excellent 
recovery with wrist motion al)o!it one-fourth and rotation of the 
foreami alniut on<*-half the normal. Though the bullet lodged, 
the patient lM'liev(»d that it had not ricochetted, but ascril>ed its 
low velmrity to defective powder. The position of the bullet, 
however, indicate<i that it had rico<hetted and (»ntered butt end 
foremost, and that it,s p(»sition oblic^uc to its line of entrance — 
was due to pressun^ from the overlying tendons of the forearm. 




plaimtory of Plate 
XXX vf. rt, Flexor 
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GUNSHOT OF THE CANCELLOUS BONES GENERALLY. 

The effect of the modern l>nllet U|)on the bones of the wrist and the 
cancelkms bones of the foot \\\\(\ fncc^, is very similar to its effect upon the 
epi))hyseal ends of the hmg Iwnies; i. e., gutterinjr, or perforation, with small 
extent of comminution. 
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Ca^e 10, — P^f oration of w ealcln lnj Manxf r Imlhi, 

Private John F. Murphy, Company C, Fourth Uniti^d States Tiifantrv, was 
wounded at unknown mnge by a Mauser Imllet, which passed from behind forward, 
and from above downward, through the left os raleis. The wound healed readily, 
but pain, located beneath the heel, persisted. A radiograph wa,s taken which showed 
a shatp, bony spur projecting downward from Uie under surface of the os calcis. 
This exostosis was undoubtedly a calliL^, formed about small bone fragments, which 
had been forced outward from the bone at the place of exit of the bullet. The 
weight of the body l)eing brought ujX)!! this spur when walking, caused the disability. 
The bullet made so clean a j^erforation of the bone that there was no evidence of 
fragmentation of the os calcis with the exc(»ption of the small fragments forced out 
at the wound of exit. The exostosis was removed, November 11), 1898; the wound 
healed by first intention, and the patient returned to duty. 

The following case gives the result of a Krag-Jorgensen bullet fracture 
of one of the metacar|)al bones. It is of interest in that the hand was 
directly over the muzzle of the gun when it was accidentally discharged, 
and though the whole charge passed through the hand, the entrance and exit 
wounds were small and the bone lesion slight. 

Case 11, — Perforation of trapezium hy Krag-Jorgensen huUet, 

Private August Blume, Company C, Twenty-first Tiiited States Infantry, acci- 
dentally discharged his rifle July 2, th(i bullet and whole discharge passing through 
the palm of his hand. Itadiogmph showi^d that the ))ullet had perforated the tra- 
pezium, throwing out only a small fragment. The entrance and exit wounds were 
small and there was nothing in the appearance of th(» part different from that seen 
in wounds received at long range. The w<>!uid healed by first intention, but full 
use of the hand was not restored, as cicitrical tissue in the wound caused some 
limitation of motion. 

The following, a case of clean perforation of the os calsis by what was 
supposed to be a Remington brass-jacketed l)ull(4, like case 5 of this section, 
shows the clean perforation of cancellous l)one l)y the larger missiles. 

Ca^e 1^. — Perforation of os ra/cia hij Rnniiojinn huUet, 

Samul S. Wentworth, ])rivate, Hatt<»ry K, First Artillery, wounded June 13, 
1899, at Zapote Bridge, near Manila, T. I., presumably by a Kemiiigton bullet, as 
the wounds of entrance and exit were somewhat lar<,^er than thoso inadt* hy the 
Mauser, and the enemy, so far as known, were using Rpiniiigton ritlcs. The })ullet 
passed from without inward through the heel, perforating i\w os ctileis. Th(* wound 
did not heal, and three months after the receipt of the injmy, an operation was done 
and a piece of legging, a piece of stocking, and three* small pieces of hone, were 
removed. Wound has oi^ened twice since and small amount of pus <'seaped. Was 
discharged for disability December 29, 1899, and seen by the writer in January, 19(M), 
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Case 12, Section W— Samuel S. Wentwortli, i)rivate, Batter\' K, First 
United States Artillei')'. 

Radiograph of left foot, viewed from the inner side, showing bullet 
(Remington) perforation of the os ealcis. Though the radiograph was 
tskeu several months after the reeei|)t of the injury, the callus, if it has 
filled the perforation, is still transparent to tlu^ Rrmtgen rays. 
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PLATE XXXVIII. 

Case 13, Section I. — Conelius L. Eagau, private, Coni|)auy K, First 
Nebraska Volunteer Infantry. 

Kadiograph of face, viewed from the right side, showing Remington 
biillet in the right antrum of Highmore. 
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when tho radiotrmph (Pltilr XX XV 11), which shows a dean perfomtion, was taken. 
At this time, the wound was h<»ale(l and the; condition of the part and use of the limb 
appeared to be exc(»llent, thout»li some i)ain extendinjif up the leg was complained of. 

Owiiia* to tlic* ('anc(^lh)us structiin* of tlie bones of the face, jifunshot 
trauniatisins of tliat rejiiou resein1)le those of the cancellous Ixnies generally. 

6WjSV' I'j. Pcinti'flt'iiiq (flOi.sliof of filer hi/ JiriiinH/foit Inilhf^ cal ihrr ,/^j ; loi((1!' 

zafion hy RonU/fii ruij; rrmovdl. 

Cornelius L. Ea^^an, i)rivale, Conii)any K, First Xe})niska VolunUn^r Infantry. 
Gunshot woiuid of ri^-lit side of fac(». rec(Mved February h^ 181K), at Block House 
No. 7, Philippine Islands. Wound over left eyebrow, one-half inch from inner 
canthus. No wound of exit. 

iSynii)tonis: Partial deafnes> of ri*rht (nir and total blindn(\ss of ri^ht eye. 

()])htliahnoscopic examination: ( -horoiditis and retinitis with atrophy, the sclera 
showinjj^ throuofh larp' areas in lower portion of iield. Li»ft (\ve normal in appear- 
ance. Anchylosis of jaw. Only sliirht separation of t(»eth. No pain, and only 
slight swellintj^ of the ritjfht side of the face. 

Diagnosis: Foreign body in the right face. 

Treatment: Was radiographed in April and again in May (Plate XXXVIII), 
after which an eil'ort was made to remove the Imllet. Operation May 31, by Major 
Matthews. Incision was made along nose to mouth l)y median line, and transversely 
across the face to U inches from (he ear. Soft i)arts retracted and search for bullet 
was made, but was unsuccessful. Second operation, August KJ, 18J)9, ))v Maj. A. C. 
Ginird. The same incision was mad<». The inferior surface of the antrum was 
chisseled through and the hall, which proved to be a Remington .45, flattened, and 
somewhat ragged, was rt»moved. The skin incision was closed ])y subcuticular gut 
suture and healed i'xcellently. — ^ W.>v hLstory by Maj, A, C, (jirard, mirgeoii^ U, S, A, 

CLINICAL CONCLUSIONS. 

The same coiidnsions, i-elative to treatiiieni, obtain in fi'actures of the 
extremities of the long bones, as bold in fractures of the shaft. Infection or 
noninfection of the \voun<l, rather than the amount of comminution, indicates 
whether, <>r not, tlie wound shouhl l)e treatecl ex})ectantly or otherwise. 
From a standpoint of the amount of traunmtic destruction done by the ball, 
ex})ectant and cons(^rvative tn^atment is even more indicated in gunshot 
injuries of the extremities tlian in similar injuries of the shaft of the bones. 
This is due to tlie fact that observation shows that the amount of connni- 
nution is mucli less and the size of the fragments much smaller, in gimshot 
fractures of the extremities of the long bones, than in gunshot fractures of 
the shaft. 
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Nor does the fact that joints are involved necessitate a divergauce 
from the rule of expectant treatment. 

Infection of the wound or extensive desti-uction of the soft pails may 
necessitate operative interference. But with ordinary penetrating or 
perforating wounds, occlusive dressings and immobilization have been 
followed by best results. When this treatment ig supplemented by rapid 
transportation to base or general hospitals where operation can, if neces- 
sary, be done with adequate aseptic or antiseptic teclmic, the best 
possible results may be expected. 



VI. 

RADIOGRAPHIC TECHNIC. 

Proper manipulation of the apparatus is most important in Rontf^fen- 
ray work; for, with imperfect methods, imj)erfect or negative results are 
obtained, and serious injury to the patient by bums niay be inflicted. 
Maximum radiation in the tube de])ends upon supplying the tube with the 
current best adapted to its ])articular condition. To obtain a suitable 
cun-ent, proper adjustment nmst be made of the different working j)arts of 
the apparatus, and knowledge of technical details by which such adjust- 
ments are made is essential to success. As the static and the coil machhies are 
entirely different in construction, the means by which radiation is influenced 
necessarily differs in each, and the method of operating each ty})e of appa- 
ratus has to be separately considered. 

THE STATIC MACHINE. 

In operating the static machine, special attention has to be given to 
the condition of the machine relative to atmospheric conditions, to the 
speed of rotation of the plates, and to the adjustment of the spark gaps 
and the tube. 

In the static machine, efficient output is dependent in large measure 
upon the absence of all dampness and dust from the interior of the case. 
To keep the plates clean, they must be occasionally carefully wiped. To 
protect the machine as much as possible from moisture, it should be kept 
in a well lighted and ventilated room, with windows provided with inside 
wooden shutters, which can be closed when fluoroscopic examinations are 
to be made during the daytime. To insure the absence of humidity within 
the case, it is usually necessary to keep dishes of calcium chloride within it. 
When this is done, fresh chloride should be placed within the case whenever 
any moisture accumulates in the dishes holding the old chloride. In very 
damp climates, the edges of the frame of the case where the glass is inserted 
should be thickly and carefully covered with thick |)etrolatum, to insure 
against passage of the damp exterior air into the interior of the case. As 
a precaution, to prevent loss of current, the front of the machine should be 
carefully wiped diy each time before using it. 

6648 11 86 
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As sufficient speed and steady rotation of the plates is essential to 
highest efficiency, the machine is best operated by some kind of motor, the 
speed of which can be regulated. Regulation of speed is necessary ; in that, 
when a tube is working at its highest efficiency with the anode glowing 
l)roperly, diminution of speed will decrease the output of rays; and an increase 
of speed, while not increasing the efficient output, may impair the life of 
the tube. 

To operate an eight or ten plate static machine satisfactorily, a motoi- 
of one-fourth horsepower is required. 

An electric motor of some reliable make is best for use when an elec- 
trical cuiTent is available, as such a motor can be easily and quickly adjusted 
for speed. Unfortmiately, electrical currents can not always be obtained in 
military hospitals. 

When electrical cun'ent is not available, water motor can be used and 
will work efficiently, provided the water pressure where the motor is placed 
is not lower than twenty pounds to the square inch. Such a motor has the 
advantage of comparatively low original cost and of being free from run- 
ning expense. 

Where motor power is not available, manual power may be used, and 
with it excellent work can be done; but such labor is extremely tiring, 
even when relays of men are employed. Where such power* has to be 
depended upcm, a tandem bicycle attachment for running the machine would 
probably be very useful. 

CROOKES TUBES 

As the electrical cun'ents supplied by the static and the coil machines 
are (juite different; tubes are sj)ecially constructed for each type of machine. 
As a rule, these tubes work best only with the type of machine for which 
constructed, and can not be used with other types without loss of efficiency 
or danger to the tube. 

Relative to their excitation and radiation, tubes are divided into two 
classes — low tubes and high tubes. 

By a low tube is meant a tube which is readily excited to radiation by 
a comparatively small current, and whicli when excited does not produce 
rays of gi'eat penetration. Tubes when first received from the manufac- 
turers are generally in this condition. With such tubes, the bones when 
viewed by the fluoroscoj)e appear quite dark, and metallic objects can not 
be seen through them. Such tubes are unfitted for radiography of thick 
parts. They should be eniployed for radiography of the thin parts and the 



KADKXJKAPHIC TKC^HNIC. 87 

extremities of tliiii individuals until they l>econie hijifher. All tubes have a 
**lit'e." A tube, at first low, l)y use j^radually l)eeonies so resistant to the 
electric cuiTent that it can no lonoer be illuminated. For this reason, in 
using a tube, the operator should carefully examine As workinj*- with a 
fluoroscope to determine its condition and to what use it is best adai)te(l. A 
ready method of determining the condition of a tube, is to see whether or 
not a coin or cufi' button held against the forearm, can l)e easily seen through 
the radius. If not, the tube is a low one and should only be used for work 
for which such a tube is adapted, or it may be raised to a higher vacuum by 
suitable manipulation. 

A low tube may be raised by continued use or by reversing- the current: 
but in reversing the current, care should be taken not to continue the 
reversal too long a time or the tube may be ruined. This reversal of the 
cuiTent is easily managed in the coil machines by reversing the switch lever; 
but in the static machine, it is necessary to close the current and reverse 
the tube. 

High tubes are distinguished by requiring a large or maxhnum current 
to excite them, and by j)roducing rays of great penetration. With such 
tubes, the bones appear gray, and metallic objects are readily seen through 
them. A readv test for such a tube is ability to see with the fluoroscoi)e the 
shadow of a watch through a man's skull. A tube which will give this 
result is fitted for chest and body work and for radiography of such deep 
parts as the pelvis or hip joint. 

Eventually, such a tube will become so high as to resist all attemj)ts to 
illuminate it, even with powerful current and careful adjustment. 

When this occurs, the vacuum can be lowered by subjecting the tube 
to heat, by baking it in a hot-air oven, or carefully heating it over a Hunsen 
burner or alcohol lamp. When the tube no longer res])onds to these 
manipulations, it can be returned to the maker for I'eexhaustion and will 
then again work satisfactorily for some time. 

MANIPULATION OF THE TUBE TO SECURE ITS MAXIMUM RADIATION. 

Maximum radiation of any tube is obtained by supi)lying it with an 
electrical current of tension, quantity, and rapidity of oscillation, best 
adapted to its vacuum. In the static machine, this is amved at by the use 
of the spark gaps and the velocity of rotation of the plates. Sj)ark gaps, 
or cuiTent interrupters, are metallic rods attached to, and movable upon, 
each sliding pole of the machine. By attaching the wires leading to the tube 
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to these appliances, the current may be carried direct to the tube, or may be 
interrupted and caused to pass through any desired distance of air space. 
The spark gaps and their proper manipulation are absolutely necessary to 
secure proper radiation from most tubes. All tubes, however, do not 
require their use. Tubes of high vacuum and great penetration frequently 
work best when the wires are coimected direct to the poles of the machine. 
With low-vacuum tubes, it is necessary to pass the current through an air 
space; the length of air space depending upon the condition of the tube. 
The lower the tube, the farther the spark gaps must be separated; so 
increasing the air space through which the current has to pass. With the 
tube adjusted and the spark gaps closed, the machine should be started into 
rapid action and a fluoroscopic examination made. If the bones appear 
gray and transparent, the tube is probably working at its best and no spark 
gap is required. 

Trial, however, sliould be made to ascertain if the fluorescence may 
not be increased. To do this, separate the positive spark gap and observe 
the result. Then separate the negative gap and adjust the gaps to the 
distance which gives the best radiation from the tube. This distance 
may be a very small fraction of an inch, or it may be an inch or more. 
This can only be determined by a trial, which takes but a few moments. 
With the spark gaps properly adjusted, the radiation depends, to a certain 
extent, upon the rapidity of revolution of the plates. Radiation is at its 
best when the entire anode glows with a dull red color. When this glow 
is obtained, the revolution of the plates should not be increased; as over- 
heating of the anode and destruction of the tube may result, with no ade- 
quate compensation in the way of increased radiation. 

THE COIL MACHINE. 

In the coil machine, radiation in the tube is regulated by the condenser 
and vibrator. 

The cx)ndenser is placed in the mahogany base upon which the coil is 
placed, and it greatly increases the power of the coil. 

The condenser is made in sections, and is connected to a series of four 
plugs on the toj) of base, by which it is possible to use any portion or the 
whole of the condenser at will. It will be found that some focus tubes will 
work best when only using a few sheets of the condenser, whereas other 
focus tubes require considerably more condenser, and in some cases it is 
necessary to plug it all in. 



RADIOGRAPHIC TECHNIC. 89 

In order to plug in the condenser, the phig sliould l)e inserted between 
the two parallel flat brass strips, in the liole j)rovided for that purpose; 
whereas, if any part of the condenser is not required for use, that particu- 
lar plug should be inserted in one of the four holes in the middle of tlie 
long brass strip. 

The coils furnished with the battery sets are operated b}' a vil)rator 
which has a special adjustment by wliich the periodicity of the vibration 
tjan be varied at will. As tubes vary in effect relative to tlie periodicit}- of 
the vibrations, these should be regulated by the adjustment made for this 
purpose, so that the maximum radiation of the tube may be obtained. 

A combined switch and pole changer is mounted at tlie end of the coil for 
reversing the current and for opening the circuit wlu»n desired, and a 
rheostat is employed for controlling the quantity of current passing to the 
coil. 

When using the coil, close the pole-changing switch and adjust the 
contact screw of the vibrator (previously loosening the clamping nut of the 
same), until a steady yellow-green fluorescence occurs in the tube and then 
retighten the clamping nut. If the discharge is passing through the tube 
in the right direction, the body of the tube (embracing the space between 
the flat platinum anode and the concave aluminum cathode) will be filled 
with a uniform fluorescence and that part of the tube above tlie flat plati- 
num anode will remain in shadow. If no shadow appears, the pole-changing 
switch should be reversed. In using a focus tube for the first time, the 
greatest care should be taken not to allow the flat platinum anode to become 
red-hot; for if it is allowed to remain at this temperature for any consider- 
able length of time, the inside of the glass tube will blacken through particles 
of platinum being thrown off* against the inner surfiice of the tube. Also, 
the high temperature will raise the vacuum in the tube considerably and 
shorten the working life of the tube, while there is danger of the tul)e being 
broken down entirely if the platinum anode is allowed to become bright 
red-hot. 

The best result with the tube can be obtained when the platinum anode 
is at the temperature of a very dull red (invisible). 

When first lighting up a new focus tube, use as little current as possible 
until it is ascertained that the current is passing in the right direction, as it 
injures the efficiency of the tube if a heavy current is sent in the wrong 
direction. 

After considerable use, the vacuum in a focus tube rises on account of 
tendency of the electrodes and glass to absorb the residual gas, until finalh 
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the VHcuuin becomes too hi^li for the production of the Krmtgeii rays. In 
thin cane the vaciiiiin can he h)wered hy applying* the flame of an alcohol 
lamp to the surface of the tube so as to warm it, being careful to keej) the 
flame away from the wire terminals and in continual motion so as to prevent 
breakage of the tube })y overheating in one place. 

The tu})e shfmhl always be watc^lied most carefully during the whole 
time that it is in fiperation, as the vacuum frequently becomes lower, owing 
to the heat generated by the fluorescence, and this causes the platinum 
anode to heat up very (piickly, which will still further lower the vacuum 
of the tube and idtimately destroy it, if overheating is not checked by 
moving the rheostat lever so as to reduce the current. 

High vacuum focus tubes require niore current to bring them to 
fluorescence than do low tubes, and consequently the rheostat lever will 
have to be moved so a.s to allow more current than when using a new tube. 
liut it should always be remembered that the vacuum decreases, the longer 
the tube is in continuous operation, and consequently, it should be watched 
so as not to allow the platinum anode to get hotter than a very dull red. 
At this temperature, the best results are obtained with a high vacuum tube 

When the vacuum in a focus tube rises very high, the surface of the 
tube should be cleaned carefully and frequently, as it has a tendency to 
to attra(^t particles of dust from the air, owing to the intense electrification 
of the glass. 

Good alcohol should always be used in the lamp when warming focus 
tubes, as a i)oor quality will deposit a thin coating of carbon on the outside 
surface of th<^ glass, which will cause a leakage around the tube. 

'^I^lu^ tube should always be kept perfectly clean. '^Phis is best accom- 
plished by wij)ing it with a piece of damp tissue paper. 

RADIOGRAPHY. 

Photxigraphy is an indispensable adjunct to Rontgen ray work, as it 
is necessary t^ supplement nearly all fluoroscopic examinations by this 
agent. This arises from the fact that the visual sense is not sufficiently 
acute, nor is the outline shown on the fluorescent screen sufficiently distinct, 
to enabli* an observer to determine the finer details of most objects through 
which the K/hitgen rays will work. P'requently, in working through the 
thicker parts of the body, the fluorescence is not suflicient to enable the eye 
to accurately determine th<^ outlines of an object or to difi'erentiate it from 
surrounding objects. In such cas(»s, acciinit(* imagers can oidy Im* obtained 
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by tlie prolonged action of the Rimtgen rays upon a photographic plate. By 
the prolonged action of the rays, the sensitized surface of tlie plate stores up 
the impressions which are received upon it, so allowing the photogi'aphic 
production of images which could not be discerned visually. 

Also, by means of photography, a record of tlie condition which exists 
in the part examined is made possil)le, and these may be nmltiplied indefi- 
nitely from a single exposure by means of prints from tlie negative. For 
tlr^se reasons, Rontgen ray outfits should always be supplemented by sufti- 
cieiit photographic material to enable the operator to resort to photography 
whenever necessary. 

While the technic of the production of photographs by means of the 
Rontgen ray does not differ materially from that used in ordinary photo- 
graphic work, still there are certain points, knowledge of which will further 
the operator's endeavor to obtain good results. Of special importance are 
the plates used, the length of exposure, and the method of development. 

PHOTOGRAPHIC PLATES. 

All photographic plates are not equally applicable to radiographic use. 
Plates for this work should be thickly coated with an emulsion of the 
highest degree of sensitiveness. Extreme sensitiveness is requisite for the 
reason, that, compared with ordinary light, the Rontgen rays have but feeble 
action upon the silver compounds with which photographic plates are 
coated. Consequently, unless the plates are rapid — i. e., very sensitive — 
exposure will have to be unduly prolonged in order to produce satisfactory 
results. 

The necessity for a thick coating to the plates arises from the desira- 
bility of shortening exposure to the briefest possible time. The R^hitgen 
rays do not work upon the surface of the sensitized emulsion alone, but 
penetrate it and act equally, or nearly so, throughout its entire thickness. 
This may be proven by superimposing several, sensitized, celluloid or paper 
films and then taking a radiograph upon them. When developed, the 
image upon the lowest film will show no appreciable difi*erence from that 
upon the upper. If now the developed films are superimposed and viewed 
by transmitted light, the parts acted upon by the light will aj)pear much 
more opaque than when each film is viewed separately. From this it 
follows that a plate coated with a thick emulsion, when exposed and devel- 
oped, will, by reason of the reduction of the silver salts throughout its 
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entire thickness, give more contrast and printing density than one with a 
tliin coating. 

For these reasons, plates specially made and put on the market for 
Rontgen ray work are usually thickly coated, and these plates should 
usually be used in preference to plates made for ordinary photographic 
I)urposes. Some ordinary plates, liowever, give excellent results. Such 
are the ** double-coated" and *'nonhalation" plates, all of which are thickly 
coated. Some rapid plates which are used for ordinary photographic pur- 
poses also give excellent results. Notable of these plates are those made 
by the Cramer Dry Plate Company of St. Louis, Mo., witli which results 
have been obtained equal to the best obtained with sj)ecial i)late8. 

As j)hotographic plates differ widely in their applicability to Rontgen- 
ray work, comparative tests should always be made before adopting a new 
make. In testing plates, the following method is useful: Place four plates 
in light-tight envelopes, and put them side by side in the form of a square 
under the Crookes tube. Place on each plate a circulai' disk of tin, and in 
the center of the disk a coin. Fix the anode of the Crookes tube directly 
above the center of the square formed by the plates, so that all the plates 
will be equally illuminated. Turn on the current so that the tube will be 
illuminated and the plates exposed. Expose for about three minutes, and 
then develop all the plates, together, in the same tray, with the same 
developer. Comparison of the finished negatives will show which plate is 
the most rapid by the greater density of the shadow where the rays have 
worked through the tin disk, and the contrast can be judged by the relative 
density between the shadow and the part of the negative outside of it 
Clearness of the negative and absence of chemical fog can be judged from 
that part of the negative beneath the place where the coin was placed, for 
as no rays can pass thi-ough the coin, this part of the negative should 
appear perfectly clear. By testing plates in tins manner, an operator is 
able to judge the quality and kind of plates witli which he is working. 

The keeping quality of plates is a matter of considerable importance 
in radiography for military surgical pm^poses. Plates frequently have to 
be bought in large quantities and shipped to distant points, often to tropical 
climates, where, unless the plates have exceptionally good keei)ing quali- 
ties, they are liable to spoil. Under suc^h circumstiinces, if plates deteriorate, 
it is difficult to replace them without considerable delay. Some kinds of 
Rontgen-ray plates are put up separately in light-tight envelopes. These 
plates do not keep well, as the heat and moisture acts in some way upon 
the paper and cause deterioration in the s(»nsitize<l surfaces of the plate with 
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wliich the paper comes in contHrt. Plates keej) h(»tter when parked tofj^ether 
in liglit-tiglit pasteboard l)oxes, as the}' are ordinarily packed for commer- 
cial use. For these reasons, plates packed in snch l)oxes, with envelopes 
separate, should be chosen. Radiographs can be taken upon certain kinds 
of sensitized paper; such as the Eastman permanent bromide. These papers 
are, however, much slower than plates, and do not give as clear and well- 
defined pictures. 

EXPOSURE. 

The length of exposure depends upon the amount of radiation from 
the tube, the distance of the tube from the plate, tlu* rapidity of flu* plate, 
and the density of the part through wdiich the rays have to work. Some 
experience is required on the part of an operatx^r, in order to estimate* the 
length of time it is necessary to subje(*t the plate to the action of the rays, 
to obtain a satisfactory image. Relative to this, it may be said; that, in 
order to take a satisfactory radiograph through any of the thickc^r parts of 
the body, such as the knee, thigh, or head, it is essential that the tube 
should show the shadow^ of an object on the fluoroscope through the skull 
of an adult. With a tube having this radiation, placed at 10 inches from 
tlie body, and using a rapid plate, the following h^ngths of exposure may 
be considered as the maximum necessary: 

Forearm and hand One tu two niinutoH. 

Shoulder and chest Ten nuniite8. 

Knee Nine minutes. 

Hip joint, head, and pelvis Twenty minutes. 

Unless radiographs can be taken of the different parts named, in the 
time given, the tube is not working properly, either from some defect in 
the tube or the cuiTent by whicli it is excited, and the attention of the 
operator should be directed to tliese defects, and he should coiTect them 
rather than attempt ^.o obtain a result by prolonging the exposure. 

RONTGEN-RAY BURNS. 

Rontgen-ray bums are usually produced b}' prohmged exposure with 
tubes which are not working properly. There is very little danger if the 
apparatus is working well; for, with a properly working apparatus, prolonged 
exposures or close approximation of the tube to the body is not necessary. 
But two Rontgen-ray burns have been reported as a result of the use of 
the Rontgen-ray api)aratus during the Spanish-American war. One bum 
was produced by a coil and one by a static machine. In each case, the 
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iM*t wnrkin*4 ar iLs inHxiitmnK T\w VHsen are ai^ follows: 

Thunms iML*Ki*nniu fliMdiurgefi soldiiT, formerly privat**. Company L\ Sixth 

riiitrtl StJiH^s Infunlry* had r<«ri*iv<*(l a ^iinsliot fvartiiro uf fhr tip]M>r third nf the 
vu^\\t hujucrus (iurhiy^ tho Sjnitiu*rt» tiunpaign, for whii^h m\ (*xriKioii of i\u' upiHT 
\mv\ tjf tilt* hmia^ruj^ wii^ iimdf\ 

thH-riiiJMM' 5, rsitK, an iittonipt wa^^ mado to radintrra|>h tlir :<hould(*r in order 
to aKrrrtaiii (Up i-onditlon of tli*^ \nviw^ An rxpt>sniv of twority rniiuUt^s vva^ made, 



t'liittnl Hluli'4' inXniitry. Tlu* jthotijgrap^ wiw taki^Ji vvIk*ii thi* t'omlitirjii whh ut it-* wornt j<tti*;iv 

ii^innf H Ft*ftHendpri coil itiarhtnc* urtuuted by a dynamo current, with the tul>e (a low 
iituO In itirhcs from the shoulder. The n^Kult was so unHiirces?«fiil iliat ii second and 
thin! trial mi suceoHKive days wen* math** but thp tula^ was working no poorly that no 
natinfat^tory radiojrraph was obtained* Six days after thi? last eX]X)siirr, slight 
nnliicss of the nWin sq^peuri'd on th*» front of tho t^hest a nil shotdih^n This erythe- 
matoiKs condition ineretused and, two days hiter. small lilehM jip|>**:ireiL These broke 
and small nlrers forim^d, which ^i^iduiilly spread aad i-oalesrod. Tht* tissue nect^osis 
deepened aii^l extemU'tl unil wa^ ueeumt»inied by marked pihi and hy|H'ra^*^thc^ia. 
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The iiirtariiliuitiM'v luiion iHnitiniifHl uuiil tin' fmrn i-nvrrrd rn^nrly tin' \vlu>li' rig^ht 
breast (tig. "irt). 

Tri*ntiiii*nt ijf \arii)ii.s kind.'? wjls ivirtl* hut liir "fmitv^t Ih^ul^Hl vvu,s derived fniiii 
continuous upplit'ation f>f Irad and <jpium lotion. Tht* burn j^howtni n<i hij^u of limi- 
intr far four months. Aftor Ihiit timo it j^nidually trrow ln*tti*r, hut tln^ hi^alinti; 
prtH'oss was vt*ry s^low ami Uu* hunt wus ruit eiitindy brah'd nut 11 i^h'ViMi intftilhs uft^^r 
its Kt'st aii|warance. 

f *(iMf' ^,. — SI f'fj/iK /ioff ffjf 7i r*iij hit rti ht/ nfa ttt* nt * fr/* *ti t\ 

Walter C\ HoMtlu |>rivatp, HiK^pital Corps, Adjiiit<etl to iIh* Army Omeral 
Hospital at \Vnsliiu*rt(jji l^mrrui^ks, 1>. C., Man li 14, \S\\\k Un- i^vdrtis sind hyclro- 



Ki't. L*il, — I^'mtiren-rMy Uarn on lIuMitMluriit'ii iff Wulter r, Hnulii, jirivuUs niiwjntiil r^rp^j. Thn |»li(i- 
tiJLrmpli wi*,« t»ki-iL when the erytheuuitfni!* eiimlitkin wn>) at itjn hi4glit. 

nephrosis (jf the left kidiu'v, supposed to be due to tlie pref^enn* of ealeiiliis in 
till* pelvis of that kidney. Aa jii tempt was made to deterinine ijy radioi^raphy 
whf ther or not a i-ali ulus wa*< prespnt. Exposures of twentv-rive minutes eaeh were 

niado every other day fc^r tliree days with a statie niaehine, Init m% eahidus was ftmud* 
Five days after I hi* last exposure, an erythematous sjioi appeared in\ tiie left side 
of the ahdianeii, Tlus ffnidually beeame tjuite pronouneed in eoU>r and spread until 
it reaehed the size shown in titr^ 2<^ 'l'her<' was laypi'resthe>^ia of tlie part, hut nu 
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ulceration occurred, and the irritation disappeared in about ten days, leaving no after 
effects. 

It appears that the factors which influence the production of Rontgen 
' ray bums are: (a) the length of the exposure; (b) the nearness of the tube to 
the surface of the body; (c) the physical condition of the patient, and (d) indi- 
vidual idiosyncrasy. Relative to the length of exposm*e ; it should not exceed 
thirty minutes, for with this length of exposure any part of the body may 
be radiographed, provided the apparatus is working properly and good 
technic is used. If photographic results are not obtained with a thirty- 
minute exposm*e, the operator should look to improving his apparatus or 
technic rather than to lengthening the time which he exposes the patient to 
the action of the rays. 

In regard to the distance of the tube from the body; ten inches should 
be taken as the minimum distance. There is no doubt that the nearer the 
tube is to the surface of the body, the more likelihood there is of producing 
a bum. A good apparatus, properly adjusted, will work readily through 
the head, chest, or pelvis with the tube at ten inches; and, in the absence 
of individual idiosyncrasy, with the tube at that distance, and an exposure 
not exceeding thirty minutes, there is no danger of a bum. 

Personal idiosyncrasy and low vitality have always to be taken into 
account. The first, fortunately, is very rare, as it can not be determined 
beforehand; the latter should always be considered. A person in ill health 
or debilitated in any way is undoubtedly more likely to be burned by the 
Rontgen rays than one who is strong and vigorous. The well-known fact 
that weakened tissues easily yield to disturbing forces, holds with the action 
of the Rontgen rays as with other factors, the action of which, if too long 
continued, devitalizes the cells. Exposures frequently repeated, with too little 
interval of time between them, will act in the same way as a single long 
exposure; the tissues disturbed by one exposure not being able to regain their 
equilibrium before the second exposure is made. It is to be remembered 
that the pathological effect of a destructive Rontgen ray exposure is not at 
once ai)parent, the first appearance of a bum not showing itself for two or 
three days. It is quite possible, therefore, to seriously increase a trouble 
already started, if a second exposure is made within that time. For this rea- 
son, it is a good rule, where a thirty-minute exposure has been made, not to 
repeat the exposure within three days. With exposures of shorter duration, 
the danger of repetition diminishes pari passu with the length of the exposure. 
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DEVELOPMENT OF R5NTGEN-RAY NEGATIVES. 

The development of Rontgen-ray negatives does not differ from tliat of 
ordinary negatives, except that more time is usually required to bring out 
the details and obtain sufficient contrast. Any developer wliich will produce 
good results in ordinary photography, will produce good results in Rrhitgen- 
ray work. Of the different developing agents, pyrogallic acid, metol, hydro- 
chinone, and ortol are the best. Pyi-o is probably the best when properly 
used, but it has the disadvantage of staining the hands of the operator. 
This may be overcome by the use of rubber gloves, and wliere mucli 
Rontgen work is to be done, pyrogallic acid is probably the best reducing 
agent tliat can be employed. The following formula for its use will he 
found a good one: 

A. 

ffniras. 

Boiled water oOO 

Potassium bromide 1 

Sulphite of soda 125 

B. 

Boiled water. 500 

S(xlium carlx)nate 1 25 

To develop, take of A, 30 grams; B, 30 grams; water, 200 grams; })yro- 
gallic acid, one-third teaspoonful of dry crystals. By making tlie developer 
up as given, and using dry pyrogallic acid, uniform action of the developer 
is insured, as developers made up with pyrogallic acid in solution are very 
apt to deteriorate. Metol and hydrochinone, while not having the staining 
qualities of pyro, do not give negatives with quite as good })rinting quali- 
ties. Developers in which they are used are also somewhat more difficult 
to make up. But, where there is objection to the use of pyro, the followhig 
formula will be found an excellent one: 

(trams. 

Boiled water , 500 

Swliiini sulphite 50 

Potassium bromide 1 

Metol 2 

Hydrochinone 6 

Sodium carbonate, crystallized 50 

When great contrast is desired, hydrochinone alone, with a caustic 
alkali as an accelerator, and some potassium bromide as a restrainer, will 
give best results. Ortol gives good negatives and has the advantage of 
being ready mixed, only requiring to be dissolved in water. 
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For fixing the negative, an acid-fixing l)ath, with chrome alum, is 
better than a plain solution of sodium hyposulphite in water. The acid 
bath removes stains from the negative and hardens the gelatin ; an important 
detail in hot weather or warm climates. 
The following formula is a good one: 

Water eiihic centiinek^rH. . 2, 000 

Hyposulphite of Ho<la grams. . 750 

Sulphite of Ho<la do 60 

Chrome alum do 30 

Sulphuric aci<l cubic centimeters. . 4 

This solution should be filtered before using. Where chrome alum 
can not be obtained, ordinary alum may be used, but the solution will 
require more frequent filtering. 

PRINTING. 

When prints are to be made from Kontgen-ray negatives, any good 
printing-out paper may be used. Where it is necessary to retain all the 
finer details of the negative, Solio, Aristo, or any one of the modern gelatin 
or collodion papers, will give very good results. For the very best results, 
however, albumen j)aper is unequaled. It has the disadvantage of requinng 
more experience on the part of the j)hotographer and of being more 
difficult to manipulate than the printing-out i)apers which have been 
recently put on the market. 

For prints which are to be (piickly produced, one of the bromide 
paj)ers can be used, but these papers do not give as fine detail as do the 
gellatin, collodion, or albumen printing-out papers. 

All the manipulaticms of Rfmtgen-ray photogra})hy are similar to those 
of ordinary photography, and anyone who has mastered the technic of 
the latter will have no difficulty in Rontgen-ray work. Photography is, 
however, absolutely essential; as the fluoroscoj)e, alone, will show only a 
minority of the conditions which the Rontgen ray is capabh* of disclosing. 
Kvery Rr)ntgen-ray apparatus sliould, therefore, be su})i)lemented by a 
complete outfit for photograj)hic work. 
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